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ABSTRACT

‘wenty-two nighttime measurements were made of the atmospheric
effects on light attenuation from a point source during the spring
and fall of 1962 at a site on the Greenland icecap (Camp Century)
located at 77°10'N and 0l®08'W at an elevation of 6800 feet above
sea level.

The Arctic environment provided an ideal surface albedo of
almost unity, while the additional presence of clouds provided "duct
effect," or energy-trapping, situations. Graphs are included to
show the total and indirect intensity fluctuations over l2-second
intervals under various atmospheric conditions. Some cowparison is
also made of the ratio of indirect/direct intensity vs optical depth
under come Arctic and New Jersey shore atmospheric conditions.

A mich greater indirect/direct ratio in an Arctic environment
of almost unity albedo, as compared to a local New Jersey environ-
ment of about 0.2 and 0.5 for the total albedo, is evident from some
of the results noted.

Three "duct effects" were experienced when a maximum 3.5-fold
and twofold increase of total intensity resulted; i.e., cases of
9 Oct and 13 Nov, respectively, compared to an atmosphere with a
zero albedo and unlimited visibility, while the 15 Nov situation
indicated a maximum lo-fold increase. However, each of the above-
mentioned cases was complicated by the presence of some scattered
fog patches., =

Results also indicate that intensities of light pulses from a
point light source can vary by more than 100 percent at distances
of 4.5 miles over 20-second time intervals.

This 1s a DASA=-sponsored project, under DASA NWER thermal sub-
task 12.017, "Thermal Atmospheric Scattering Studies.”
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ATMOSPHERIC ATTEIUATION OF LIGHT RADIATIONL FROM A POINT SOURCE
I AN ARCTIC ELVIROIMENT

INTRO. *TION

The analysis of the effects of various utnospheric and terrain condi-
tions on the propagation of light cnergy is siguiificunt in ascertaining the
degree of thermal radiation dumage that may occur from nuclear detonations
in spuce. Urder many atmospheyic and terrsein conditions, the indirect radl-
ation effects can equal or exceed the direct radiation, A 2 PI detector is
therefore necessary to similate a flat plate receiver so that the full
indirect as well as the direct effect can be measured.

Such a receiver, near ground level, was employed with a €500° point
light source about 4OO feet above the surface, under generally haty atmos-
pheres in the llew Jersey shore area frorx Cctober 130 to February 1%61.
These tests indicated sharp increases of radiation under relatively high
surface albedos. The maximum surface albedcs, however, are readily ottelne
able in the Arctic or Antarctic regions. This led to the unique situation
of studying th2 ettenuation effects of the light energy, with the light
source located between two high albedo surfaces, i.e., a homogeneous snow
surface and an extensive cloud cover at Camp Century, Greenland.

The probler considered in this report, therefore, concerns itself with
the empirical effects of one or two highly diffuse reflective surfaces
on the propagution of light from a point light source situated about 100 feet
above one such highly diffuse reflective surface. At least one other signi-
ficant effect arises, however; namely, the large rapid variations of the
licht signal under certain atmospheric conditions.

DISCUSSION

The site chosen for these studies during March, October, and November,
1962, shown in Fig. 1, is Camp Ceatury, Greenland, located 77°10'N and
61°08'W at an elevation of 6800 ft ivove sea level and about 900 miles from
the North Pole. The terrain (Fig. 2) consists of a vast, flat, homogeneous,
almost 100 percent albedo snow surface, extending at least 100 miles in all
directions before there is any significant change of terrain. The 200-ft
Signal Corps tower, which accommodat-c the light source, can be seen in the
background of Fig. 2.

The equipment employed in obtaining the data in this report was essenti-
ally unchanged from that described in USASRDL Technical Report 2270, "Direct
and Indirect Thermal Radlation under Various Weather Situations.” The light
source consisted of a 10-inch-diameter opal-covered G.E. FT 503 Xenon-filled
flash tube of about five million peak candle power, with a black body tempera-
ture of near 6500°K for the visible region. Frost formation on the opal ball
surface was eliminated by the heat of a <5W incandescent buldb within the opal
sphere. This source was situated .t the end of e 1l2-ft steel boom projecting
from the 100-ft-liigh platform ~f + 2 )-ft tower, as indicated in Fig. 3. The
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Fig. 3. Light Source at 100-Foot Tower Level
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associated regulated 5000V high-voltage, 86-microfarad power supply, also at
the 100-ft platform level, was shielded with waxed paper to eliminate the
hazards of snow accumulation.

The block diagram of the receiver, described in USASRDL TR-2270, 1is
shown in Fig. 4. The equipment, minus the cscilloscope and neon calibrating
unit, is shown in Fig. 5. The Tektronix oscilloscope was employed to ascer-
tain any significant change in waveshape between the total and indirect radi-
ation pulse. Analysis at the L.5-mile point under 2 to 3 mile visibility
conditions indicated negligible change in waveshape, which was of 1.5 milli-
seconds duration, with the application of a 1.4 millihenry choke in the high-

voltage power supply.

The data obtained under Arctic conditions in March 1962 represent a
period of five anights, two of which were under clear skies and good visi-
bility conditions. The remaining three nights involved relatively poor visi-
bility conditions in the presence of mist or fog.

A single fixed monitoring wanigan station at 4.5 miles from the light
source vas regularly employed, with but a single meagsurement made at a
10¢3-mile wanigan station. The fixed stations are called '"wanigans," or box
cars on sled runners, shown in Fig. 6, with the necessary receiving equip-
ment mounted on shelves and boxes within. The pulse-gensitive, 2 PI detectors
vere mounted within tracks atop a fixed 6-ft support outside the wanigan and
facing the light source. A T7-inch-diameter occulter was placed on top of a
pole 20 £t from the receiver and aligned to block out the direct light flash
when placed in a raised position. The total light radiation was received by
lowering the occulter. These units are shown in Fig. 7.

Seventeen tests were conducted during the October and November 1962
period, under generally prevailing fog conditions or cloudy skies, in the
visible and very near infrared regions.

A mobile system and/or a fixed monitoring station vere employed at Camp
Century during this test period. The mobile unit consisted of a photo-
miltiplier pulse-sensitive receiver, described in USASRDL TR-2270, mounted
outside and in a small-size vanigan attached to an L.G.P™ tractor. A 3 kv,
110V AC pover generator was mounted on the tongue betveen the wanigan and
tractor. A 7-ft-long flat-black wooden boom, supporting a U-inch-diamster
occulter at the farther end and a 2 Pl receiver at the nearer end, wvith a
string attachment for lovering or raising the occulter, was maintained through
an opening at the rear of the vanigan. This is shown in Fig. 8. An 8 megni-
fication telescope was mounted alongside and parallel to the boom to facili-
tate proper alignment between the light source and 2 PI light detector, with
the latter being within tracks at the boom end opposite to the occulter so
that about & li-degree field of view was subtended from the occulter.
Measurements vere made at the 0.13-, 0.5-, 1l-, 4.5-, 7.6-, and 10.3-mile
ranges vhenever conditions permitted. A fixed-location receiver vas mounted
outside and alongside a vanigan 4.5 miles avay from the light source, with a
T-inch-diameter occulter on a pole 20 ft from the receiver, and so aligned
that the direct light flash was blocked from the receiver's detecting unit
vhen the c-culter vas placed in a raised position.

*Low ground Pressure
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Flash Tube Receiver
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Fig. 7. U4.5-Mile Receiver Stand, showing sensor and occulter mounted unit
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The symbols employed in this report, with their corresponding meanings,
are listed below:

H = indirect/direct intensity (DI)

NF = no color filter

ND

neutral density (applicable to the visible region)
B = Wratten No. 47 blue-violet gelatin filter

G = Wratten No. 58 green gelatin filter

R = Wratten No. 25 red gelatin filter

JR = Wratten No. O7C infrared gelatin filter

o D = direct 1light attenuation coefficient times distance =
optical path or depth

HNF, R, ete/0.13, 1.0, ete where the letter subscripts refer to

‘he type of filter employed, and the number subscripts refer to the optical
depth.

g with no subscript, as above, indicates no color filter being
emprloyed.

Figure 9 indicates the system spectral response employing an RCA photo-
multiplier with an 5-10 response. Figures 10 and 11 indicate the system spec-
tral resvonses, employing Dumont photomultipliers with an S-11 and S-1
response, respectively. (Figure 4 of the General Electric Flashtube Data
Marual, and Appendix A, P. 25, of the 7668-TM-3 M.I.T. report by R. J. Unl,
cntitled, "Infrared Spectral Output of Xenon Flashtubes," Apr 58, showing the
spectre)l curve for the FT 617 flashtube at 4LOOOV and 50 uF, were, respectively,
employed to obtain Figs. 10 and 11.) A negligible change in wave shape in the
visible region in going from 4000 V to 2000 V is assumed, although one would
axpecl some shift to the blue as a result of a slightly higher color tempera-
ture. The filter spectral response was obtained from the Eastman Kodak book-
ilet on Wratten filters, except for the infrared region where USAEL spectro-
chotometer curves of the ND1 and ND2 as well as the visible color filters
~re employed. Figure 12 indicates Hyp vs ¢ D, where D can be determined by
cajeulating ¢ as o = 3/visibility.

The derivation of the assumption (1 + Hy) Xote&l transmittance = H, 1is
2 follows: direct ’

, I
(1) Total transmittance = izﬁ, where ITK = total intensity at distance
o7
« from source and Iy, = total intensity close to the source; i.e., at 0.13 or
0.2 mile in thisg report.

I
Tndirect transmittance = Tgé, lﬂx = indirect intensity at distance x,

s
and 1o, = indirect intensity a. O.13 or 0.2 mi.

11
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“urves 1 - ¢: Greenland, O.3-1.0 surface albedo

Curve i: New Jersey, 0.< surface albeao

Curve 10: New Jersey, 0.5 surface albedo

1 1 1 1 _ 1 1
2 3 4 5 6 7

OPTICAL DEPTH (o D)
512 Hvs 0D FOR DIFFERENT WEATHER AND CLIMATIC CONDITIONS
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NOTL:
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7 Oct o, 3-11 PM response, 10/10 fog, 300' ceiling, 1/2 mi
visibrllty., e O.omi for gD =0.0; D=0.5 1l for gD = 2.1

15 Nov vg, $S-11 P response, 2000' overcast, variable scattered
ground fog pa‘ches, G 5.y . 4,5 i = 0.18/mi (simultaneous measure-
ment ). D = 0.5 mi for oB -0.89; D=U,5mi for vy D = 0.81

15 lNov b2, as curve 2 except for unlimited visibility conditions.
D=1mi for gD~0.01; D= 4.5 mi tor g D~ 0.05

17 Nov 02, S-1 PM rcsponse, 6/1) cloudiness at 2000', 2/10 ground
fog, 1, mi visibility. D = O.1j ml for gD = 0.31; D = 0.50 mi for
oD=1.2;, D=1.0mi for gD = 2.3; D = 4,5 mi for gD = 10.4

25 Nov ©2, S-1 PM response, 9/10 to 10/10 fog and very light snow,
1/2 mi visibility. D = 0.13 mil for ¢ D = 0.38; D = 0.50 mi for
gD = 3.4; D=1.0mi for gD = 0.8

26 Nov o2, S-1 Pl response, ground ice fog (- t»>-33°C), 1/2 to
1l mi visibility. D = 0.13mi for gD =0.71; ' = 0.5 ml for oD =
2.7; D= 1.0 for gD = 3.1

30 Nov g, S-1 PM response, ground ice fog (-35 to -L2°C), 1 to
2 mi visibility. D = 0.13 mi for ¢D = 0.30; D = O.5 mi for
UD=l.l;D=l.Omif0rOD=l.5

1l4-16 Mar o2, clear skies, good to excellent visibilities.

Oct-Dec 00, local New Jersey area, clear sky, hazy, surface

albedo = 0.2, D =1l.2mi for ¢ D =0.,12; D =1.9 mi for gD = 0.1;
D=le9mi for g D =0.43; D= l.zmi for gD = 0.70; D =1.9 mi
for ¢ D = 1.14

Jan-Feb 0l, as curve 9 except for surtace albedo of 0.5. D =
l.2mi for gD =0.20; Dwl1l.9mi for gD = 0.43; D = 1.9 mi for
GD=O.81;D'=1.’CmifOI’0'U=O.88,'D=l-'mi fOI‘OD:l.uQ

Curves 1 through 8, inclusive, apply to surface albedo conditions
of 0.9 to 1.0 in freenland.

Fig. 1¢ (contd) Lepend for Curves
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1
(¢) Direct transmittance = _D.", where Iop = direct intensity close tc
Lhe source. oD

1 ( Iry) | op Isy Iop

where visibility < distence

at which I5, is measured, and vhere

Ig, (indirect intensity) = Ir, (total intensity). Therefore,

log *+ 15
_E_._....E (1) . Hy, where visibility < distance x.

IQP s

(1 + Hg) %%% = H,.

The visibility was frequently ascertained, under restricted visibility
conditions, by estimating the maximum distance at whicb the 150W red light,
i.e., about 100 candles, at the 10C-ft tower level and the [50W white light
at the 00-f¢{ tower level could be seen by the naked eye and applying
Bennett's® correlation result. Bennett's results indicated that ordinary
lights can be used as visibility markers. This conclusion was based on some
empirical studies on the relationship between the visual range at night, as
estimated from lights of varying candle power, and the visual range during
the day. The atmosphere, however, was assumed not to change froa day to night.

During weather conditions wherein wide variations in the signal occurred,
a greater number of measurements were generally taken to obtain a more effec-
tive average. The number of minutes alongside each percent variation curve
indicates the time lapse between each set of measurements representing each
curve.

A lignt "duct" effect is herein defined as a light energy trap within an
atmosphere bounded by two high albedo surfaces so that the light intensity
i1s compraratively appreciably greater for a 2 PI receiver at a given distance
than in an atwwosphere with no, or negligible, reflective albedo boundary sui-
faces and where no atmospheric attenuation takes place. A light "duct type"
effect is herein defined as one wherein H, for a given optical depth, is
aporeciably greater than H in an atmosphere whose boundary surfaces have a
much smnller surface reflection coefficient or albedo factor.

Some of the signal variations vs time graphs show more than one indirect
or total curve for a given zero base line. For such cases, a different aver-
age pertains to each of the curves as a result of generally noticeable rapid
visibility fluctuations so that a more realistic average is operative for each
time interval. The total signal variations vs time curves show a scintilla-
tion effect.

Included in the appendix to this report are a summation chart covering
the main results. 'nd the total transmittance curves (Fig. 6l1), where Tp(R) =

1p(R) R )€
total transmittance = ;I__. %R—O%E and Ro = 0.135 or 0.2 mile, s0 that
o

Tr (0.13 or O.c i) = 100 percent. "Duct effects' are therefore denoted when-

ever Tp(R) ic equul to or greater than unity.
17



RESULTS OF TESTS AND ANALYSES OF DATA AND GRAFHS
1L Mar 62, 2130-2330 hours, S-10 Response, 6217 RCA Photomultiplier

Weather conditions: clear skies; 3/4 moon
estimated visibility > 40 miles
10°C inversion between surface and 200 feet
surface winds about 9 knots

Result: He.. = (indirect . (indirect
nesulv: dhp © (-m)w = 0033, (-t—O?al—-)NF = 0025 (estmted Opticll

depth 0.34 at 4.5-mile distance)

Analysis: The value for Hyn 1s about 0.22 in curve 10 of Fig.l2, represent-
ing the New Jersey area under clear skies, very light hazy conditions, wiih
snow on the ground such that the effective surface albedo (due to the pres-
ence of many trees in the area) is about 0.5, and the interpolated optical
path »f 0.34%. The approximately 50% increase in the H value under Arctic
conditions is likely due mainly to the homogeneous surface albedo of unity.
However, the effects of a supercritical temperature-lapse rate, i.e.,

> 8°C/200 meters, which causes light-ray bending towards the earth's sur-
fuce, may also be of significant contributary nature.

Figure 13 shows rapid fluctuations indicating as much as +70% maximum
deviations from the total intensity average and more than a 100% maxirmum
deviation from one total intensity to the next following intensity at the
receiver. The absolute maximum deviation in the interval is 125%. The in-
direct intensity variations considered over a 3/4-minute interval indicate
less then a 107 maximum deviation. This sharply varying pattern is accom-
panied by clear skies, unlimited visibilities, and a +10°C/200-ft inversion.

15 and 16 Mar 62, 2300-0100 hours, S-10 Response

Weather conditions: clear skies
estimated visibility 7 to 10 miles
+16°C inversion between surface and 200 feet
surface winds about 7 knots

Result: Hyp = 3.0; (}{‘%it_%ﬂ)m = 0,75 (estimated optical depth of about

1.5 at 4,5 miles)

Analysis: The total radiation received is equivalent to almost one-quarter
the total of 14 Mar 62. It is interesting to note that the value for H from
curve 10 of Fig. 12 in the New Jersey area for the same optical path is about

l.5. This about 100% increase in the H value under Arctic conditions is
probably due to the same factors indicated for Mar 1lh4.

Figure 14 shows moderate variations from the norm such that the maximum
total intensity deviation from the norm is +40% and +45% with respect to two
successive flashes. The absolute maximum deviation in the interval is 65%.
The indirect intensity variations show about a 10% maximum variation from the

18



PERCENT VARIATICN

I ’ MAR 14,1962
i CLEAR SKIES

UNLIMITED VISIBILITY
- 10°C/200' INVERSION

9 KNOT SURFACE WINDS
B S-10 RESPONSE

) TOTAL

o--- INDIRECT

4 5M
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FIG I3 SIGNAL VARIATIONS vs TIME

MAR I15-16 ,1962
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norm, while the maximum successive flash variation is about 15%. This pat-
tern is accompanied by clear skies, fair visibilities (7 to 10 miles), and
a 16°C/200-ft inversion. Figure 15 compares the temperature height profile
with that of the critical temperature lapse rate of 10°C/200 ft. The criti-
cal temperature lapse rate occurs when the horizontal light ray follows a
path such that its curvature is equivalent to that of the earth's curvature.

24 Mar 62, 0100-0300 hours, S-10 Photomultiplier Response

Weather conditions: 1light ground fog extending to at least 200 ft with an
approximate 1® corona for a 2-diameter halo around
full moon

estimated visibility 3 to 4 miles
12 to 13°C inversion between surface and 200 ft
surface winds about 14 knots

Results: 1. (indirect)

— = 0, - l.O
total 5

NF,B,G,R

2. Hyp g g.p ™ 47, ®, 64, 64, respectively (estimated optical
b A Al |
depth of about 4.5 at 4.5 miles)

3. Indirect NF? receiver in vertical plane, i.e., pointing
vertically/total NF? receiver in horizontal plane, i.e.,
pointing to light source = 0.36

Analysis: The total or indirect radiation received for 24 Mar is equivalent
to about one-third the total on 15 and 16 Mar. Moreover, the indirect/total
radiation yield is independent of the wavelength in the visible region. The
above results 1 and 2 for interpolation of Fig. 9 would seem to indicate the
predominance of multiple scattering associated with a surface albedo of
unity, giving rise to a total and indirect light yield as practically synony-
mous. It is interesting to note the simultaneous presence of a supercritical
temperature lapse rate.

Figure 16 indicates relatively small deviations resulting in not more
than a -20% change from the norm and a maximum 30% successive flash variation
for both indirect and total intensities independent of visible wavelengths.
This similar magnitude variation effect for the indirect and total intensity
could very well have been due to the presence of scattered ground fog patches
in addition to the background noise in the presence of twilight from the
north sky. This type of pattern is accompanied by light ground fog, rela-
tively poor visibilities, and a +12'C/200-ft inversion. Figure 17 compares
the temperature height profile with the critical lapse rate.

25 Mar 62, 0100-0300 hours, S-10 Photomultiplier Response

Weather conditions: 1light mist with light blowing snow
estimated visibility of 10 to 15 miles
+3 to 9°C inversion between surface and 200 ft
surface winds about 17 knots, ENE

20
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Results: 1. H

(indirect/DI);m = 1.k (DI = direct intensity; estimated
cptical depth of 1.1 at 4.5 miles)

I

.
by
o
Ll

(incirect/DI)y = 2.4
3o EH = (inairect/DI); = 1.0

Yo H = {indirect/DI)g = 0.95
Indirectyp, receiver in vertical plane

wn
L ]
i
(@]
L]
[
=

P,

Tctal, receiver in horizontal plane

TyrAs -+ es e e ) - 4
Indirectyp, X ' n

o .. LT -
Ve 3‘1
Direct, receiver in horizcntal plane

Analysis: The toulal received for &5 Mar is equivalent to sbout cuc-Hhis
total on Zi4 Mar. /ssuming o (the direct light attenuation coefficient) as
proportional to the ratio of Indirect/DI, it can be concluded that the
effective aerosol droplet rucius iz less than 1/2 micron, as calculated by
Foitzik® by means of the Mic scattering theory. Tt is also noteworthy that
a significent portion of the ccattered light arrives from the vertical plane
under fairly good visibility conditions and clear skies. The combined effecic
of a high surface albedo, muitiple scattering peth, and a sufficiently steep
temperature inversion would be contributing factors. It is also interesting
to note that the value of H from Fig.l2 in the New Jersey area for the same
opticzl path is l.l; an epproximately one-third increase is indicated under
/xrctic conditions.

Figure 18 indicates some of the moderate varistions from the norm such
that the maxitum total intensity deviation is +70%, and a maximum 83% suc-
cessive flash variation results. The absolute meximum deviation in the inter-
val 1s 103%. The maximum variations in the vertical plane, i.e., where the
receiver is facing vertically upward, is about 8% of the average total radi-
ation as compared to T0% where the receiver is in the horizontal plane, i.e.,
where the receiver is facing the source. This pattern is associated with
lignt mist wnd light blowing snow, 10 to 15 mile visibilities, and an & to
5°C/200-ft inversion. Figure 19 compares the temperature height profile with
the critical lapse rate.

e

27 lar 92, 0200-0300 hours, S-10 Photomultiplier Response

Jeather conditions: ground ice fog; full moon not visible
estimated visibility 13 miles
surface winds about 12 knots
temperature of -38°C

Results: 1. Hyp py g,R = 26, 20, @, 12, respectively for an NF ectimated
optical depth (aD) of 9.0

Ce (Indirect/total)lm.B’G’R =92 = 100% at hos miles

-
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3. Indirectyp/Mar 27 = 0.43 (total)yp/Mer 25 =
0.78 Indirectyr/Mar 25

4. Indirectp/Mar 27 = 0.52 (Total)y/Mar 25 = 0.77 Indirectp/Mar 25
5. Indirect;/Mar 27 = 0.4l (Total)g/Mar 25 = 0.87 Indirectg/Mar 25
6. Indirectg/Mar 27 = 0.45 (Total)gy/Mar 25 = 1.0 Indirectp/Mar 25

7. No detectable signal for NF (no filter) case in vertical plane;
nowever, it can be stated that ~ 1/3 the total or scattered is received with
receiver facing light source, i.e., in horizontal plane.

Apalysis: The value of Hyp in Fig. 12 in the New Jersey area for an optical
depth of about 9 is too difficult to interpolate, and therefore no comparison
is attempted in this case. It is particularly significant that almost one-
balf the total radiation on a fairly good visibility night as 25 Mar can
reach a target about 4 miles away by means of the indirect light under poor
visibility conditions such as existed the night of 27 Mar.

Figure 20 indicates maximum deviations of +40% from the norm, green
filter, for both the total and indirect intensities, with an absolute maxi-
mmn of 60% during the period. This pattern is associated with fog at a -38°C
temperature and 1} mile visibility. The similarity of the magnitude of vari-
ations for both the total and indirect radiation could be attributed largely
to the predominance of background noise from twilight that was elways pres-
ent, which at its maximum gave rise to a noise level 90% that of the sigpal.
The noise level varied from about 15% of signal when the twilight was at a
minimum to about 90% when at its maximum.

27 Oct 62, 0135-0305 hours, S-11 Response

Weather conditions: sky obscured in 10/10 fog with 300-ft ceiling becoming
400 to 500 £t towards end of test

estimated visibility, 1/2 to 3/4 mile
surface winds, 10 to 13 knots, SE

Results: 1. Hyp/0.2 mile = 5.8 for an optical depth (o D) of 0.84
2. Hyp/0.5 mile = 46 for an optical depth (o D) of 2.1;
Hyp = 7.6 (10 minutes later)
3. 0 0.2 - 0.5 mile = 4.2/mile prior to fog lift
Analysis: These results are plotted in Fig. 12, curve l. The region vwhere
the indirect/direct ratio rapidly increases still shows a steeply increasing

slope at H = 46 so that the direct radiation is but a negligible portion of
the total, i.e., < 1% at an optical depth of about 3.

4|
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About ten minutes after the above results were obtained aut the O.5-mile
poirt, the fog lifted to about 400 to 500 feet, with Hyp dropping from 4o to
‘l+L, accompanied by about a 150% increase in the direct component.

Figure 21 indicates very small fluctuations not exceeding :*5% from the
nor.. This pattern is associated with a fog base at 300 to 500 feet and 1/2
to 3/4 mile visibility.

<4 Oct 62, 0145-0545 hours, S-11 and S-1 Responses

Weather conditions: variable amounts of ground fog, 2/10 to /10 coverage
becoming 6/10 to 8/10 towards end of test

variable visibility between 3 and 10 miles, and
becoming > 50 miles briefly

SE winds, 8 to 10 knots

Results: l. 00,5 - 1,0 mi = O.04/mi (scattered fragments of ground fog,

i.e., about 2/10 at 1 mile);
at 0.5 mi, Hyp/0.5 = 0.061, g D = 0.02

. At 1.0 mi, Hyp/1.0 = 0.080; ¢ D = O.4k

3+ At b5 mi, Hyp/4e5 = 2.3; 0D = 1.80 (0 jm/1ok,5 4 = 0-40/mi)

Hp/h,5 = 1493, oD = 1.71 (0 B/y.y,5 oy = 0+38/m1)
G/, = 102, ¢D = 1.26 (o G/1-k.5 mi = 0.28/mi)
1.26 (OR/1-4,5 mt = ©0.28/mi)
NOTE: Variable amountc of ground fog between 2/10 to /10 coverage with
about 3/10 coverage at the time of the NF (no fiiter) measurements,

and 2/10 for the color filter measurementc. The above results were
obtained with a 0292 ™wumont photarmltiplier, i.e., S-11 response.

HR/L,5 = 0.86, ¢ D

1*0 t\t --O Il..i., Hm/loo = 0070

}{E + IR/lob = ,\09(,

50 :\1: -5 rﬂi, IIB + m/u.‘;

on‘u; g A

4

Le5 pa = 2,1/ud)

(o p + 1R/1

Z‘)QE; g D = ’uo'{5

HR(0.72 - 1.1,)/" -
(0 p/1 - 4.5 mi = 1.5/mi)

Results 4 and 5 were obtained with a 6911 Dumont multiplier photoiube having
an S-1 response, when ground fog coverage had increased Lo o/lO to 'd/lO.

9
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About five minutes elapsed between the IR and 1R + ? meascuremen:s at a
given distance.

Analysis: It is interesting to note in resull ), at L. miles, that 5 jg 1s
about 4L0% greater than o g , Ig 8nd that H 1s about LOb greater than Hp +
IR; While at one mile, Hp , R is about koingreater than Hyp. This effect
seems to be due to the signigicantly greater ratio of the indirect to absorp-

4

tion effects for the near IR over a distance of 4.% miles,

Figure zc indicates a "duct effect” reaching a maximim of over 300% at
4.5 miles. The graphs of responce vs range for the blue, indirect green, and
red spectral regions indicate that the total and indirec. transmittances are
independent of wavelength. The total transmittunces for the different spec-
tral regions are about the same as for a non-attenuating atmosphere with a
negligible surface albedo. Figure << also indicates that the indirect energy
decreases at a rate of more than 300% that of the total energy decrease for
about 1/ mile. Beyond the first mile to 4.5 miles, the total energy
decreases at a much more rapid rate so that at an approximate distance of ten
miles there is very little difference in the amounts of the total and
indirect energy.

Figure ¢35, depicting transmittance vs distance, indicates the indirect
transmittance exceeding the total beyond a distance of about 3/4 mile. Good
visibilities at close to source distances becoming relatively puorer at the
greater distances account for the curves' unusual relative shapes. The total
transmittance, consisting mainly of the direct transmittance, drops more
rapidly than the indirect for close to source good visibility conditions.

But as the visibility lowers with distance in an inhomogeneous atmosphere, in
this case dropping sharply at the greater distances from the source, the total
transmittance drops at a much faster rate than the indirect.

¥igures clba-d indicate fluctuations not exceeding +38%, or -27% from the
normu, under 8 to 10 mile visibilities and +10% or -8% under 5 to 4 mile visi-
billities. There seems to be little fluctuation magnitude differences with
distance under the poor visibili* - conditions, since at the greater distances
there is a greater indirect-to--" ect ratio which overcomes the effect of
refractive index fluctuations f the direct light at greater distances.
This fluctuation pattern is ass.ciated with scattered-to-broken ground fog,
5 miles to greater than 50 miles visibility, and a -0.2°C to u +3°C/200 ft
temperature inversion shown in Fig. 25.

c Nov e, 0129-0325 hours, S-1 Response

Weather conditions: sky obscured in 8/10 fog, with ve:y light falling snow
estimated visibility 3/4 to 1 mile over a 4.5-mi path
south winds, 9 to 10 knots

Results: 1. Hpi, 4.5 md = 12 (0125 hrs) = 24 (Ol:9 nrs)

c. H; 4 Ig/4.5 =10 (0155 hrs) = 19 (0310 hrs)
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3. Hpg 4 /45 =20 (0218 hrs)

L. Total g , gr/4.5 = 91% indirect g , 1r (0230 hrs)
5. H R 4+ qp/%+5 = 20 (0243 hrs)

6. Total yp/4.5 = 90% indirect NF (0245 hrs)

7. Total rp/k.5 = indirect IR (0255 hrs)

8. Total p/4.5 = 95% indirect B (0300 hrs)

9. Hyp/4.5 =13 (0321 hrs)

NOTE: Above results were obtained with a 6911 Dumont photomultiplier,
i.e., S-1 response.

ANALYSIS: It is interesting to note in Fig. 26-a the rapid variations
occurring in fog and very light falling snow within as short as a 2-minute
interval over a 4.5-mile path, where the indirect can exceed the total radi-
ation, with each averaged over 2-minute intervals at a 5/minute flash rate.
It is safe to assume in this case that the total and the indirect continuous
type radiation are equal for all visible and near infrared wavelengths, since
the 4.5-mile distance exceeds the visibility by a factor of about 5. How-
ever, for any short pulse type radiation, the indirect radiation from one
pulse can readily exceed the total from a subsequent pulse.

Figs. 26a-c indicate maximum fluctuations of +33% and -25% from the norm
which occurs for the indirect infrared component at 4.5 miles. The total -
intensity maximum fluctuation in this spectral region is +19% and -23%. The
other spectral regions indicate a somewhat smaller fluctuation gspread. The
magnitudes for the indirect and total intensity fluctuations differ little;
this factor may be attributed to the combined effects of fog and light fall-
ing snow. The fluctuation pattern is associated with 8/10 fog coverage,
3/b-mile visibility, light falling snow, and a =0.3°C temperature spread
between the surface and 200 feet, and -0.07°C between the surface and 87 feet
at 0100 hours becoming -0.2°C and -0.5°C, respectively, two hours later.

7 Nov 62, 0015-0135 hours, S-1 Response

Weather conditions: 10/10 sky obscured in rapidly varying scattered ground
fog with 8/10 to 9/10 stratocumilus at about 1200 feet

estimated visibility 1/2 mile
SE winds, 10 to 13 knots
Results: 1. Hyp/o.p mg = 0.98 (0015-0022 hrs) oD = 1.3
2. HNF/0.5 mi = 102 (0125-0135 hrs) g D = 3.2

(0.2 - 0.5 m = 6:5/mi)

39
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NOTE: The results were obtained with a 6911 Dumont photomultiplier, i.e.,
S-1 response.

Analysis: There is little difference between the H factors for an optical
deptk of 1.3 or greater within 1/2 mile of the source, seemingly due to the
effects of multiple scattering in the presence of some ground fog and a low
cloud deck.

Figure 27 indicates maximum fluctuations of +17% and -12% and +11% and
-22% for the indirect and total intensities, respectively, at the 0.2 and
0.5 mile distances. The indirect fluctuations exceeding the total could be
due to the scattered ground fog, which varied both in space and time. This
fluctuation pattern is associated with 8/10 to 9/10 clouds at 1200 feet, with
scattered ground fog, 1/2 mile visibility, = surface to 200 feet temperature
spread of +3.2°C and a surface to 87 feet temperature difference of +1.8°C
at 0000 hours and +40.4°C and 0.1°C, respectively, two hours later.

8 Nov 62, 0000-0145 hours, S-1 Response

Weather conditions: sky partially obscured by varying amounts of scattered
ground fog (with 10/10 thin cirrostratus clouds) at
the beginning of test up to l-mile measurements, and
becoming clear afterwvards

visibility of about 2 miles at 1/2-mile point, improv-
ing towards »>50 miles between the 1 and 4.5-mile
distances

single and double images of ground lights observed at
about the 2-mile point, with uppermost image appearing
about 70 feet from surface; +12°C to +13.5°C gradient
(1.5°C increase occurred over a 7S5-minute interval)

ESE winds, 4 to 6 knots

Other wveather observations: At the start of the test a faint corona of about
1/2 d~gree diameter appeared around the 100W red light at the 100-ft tower
level. A light halo existed around the surface floodlights at Camp Century,
vhile a light ground fog was noticeable up to about 70 feet. There was very
little noticeable ground fog at the one-mile point, and this appeared within
4O or 50 feet of the ground. However, about 15 minutes later, the ground

fog had obscured the surface floodlights. About 10 minutes later, single

and even occasionally double images of the two visible surface floodlights
appeared about 70 feet from the surface near the two-mile point. Five minutes
prior to this refractive phenomenon, light ground fog was observed to a
height of about 90 feet through an 8-powsr telescope.

Results: 1. Hyp/0,13 = 0.42; gD = 0.2

2. Hyw/o.5 = 0.38 (o 0.13 - 0.5mi = 1.59/mi); g D = 0.80

3. Ten minutes later than 2, above: H .5 = 0.23 (o -
= 1.67 mi); oD = 0.84 /93 0.13 = 0.5

L3 e
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4. Ten minutes later than 3, above: Hyp = 0.04 (o = 1.54/mi);
oD =0.77

5+ 0(0.13 - 0.5 mi) = 1+59 =®1.67 = 1.54/mi in about 25 minutes
6. Hyp/1 = 0.5% (00,5 . 1 mi = 1:46/mi); oD = 1.5
7. Hgp/y,5 =031 (01 - 4,5 mi =0.27/mi); gD = 0.12

IOUE: The above results were obtained with a 6911 Dumont photamultiplier,
i.e., S=1 response

‘malysis: Scattered ground fog caused the relatively high H values at the
O.1l4-and initially at the O0.5-mile points. Hovever, it is interesting to note
that ¢ changed but slightly during about 25 minutes at the O.5-mile point,

vet H dropped rapidly in that time by almost one order of magnitude. This can
nerhaps oest be explained by the deterioration of the ground fog above the
Light source, i.e., 100 feet.

Tt can also be noted from Fig. 28 that the indirect intensity begins to
lecrease at a more rapid rate than the total at about one mile and continues
tc do s0 until at least the 4.5-mile point. The ratio of the inverse square
(1.0 atmospheric attenuation and negligible surface albedo) to the total
intensity equals 2.25 t6%. The indirect transmittance curves of Fig. ¢9 show
the expected increasingly smaller drop with distance than the total
transmittance.

Fiogs. 30a-c indicate the extreme variations that can occur under certain

weather conditions. These extreme variations or fluctuations occur at 4.5

‘les under excellent visibility conditions and steep temperature vertical
cacients. Maximum total intensity variations of +160% and -80% from the
Wrm a \p'-a.r at 4.5 miles with a greater than 50-mile visibility, and a 12.0°C
invers lon between the surface and 200 feet and a 10.3°C inversion between the
surface and 57 feet. The indirect variations did not exceed :10% from the
norm. About 15 minutes later the variation increased sharply to +325% and
-60% rom the norm. It was during an hour's interval, including this period,
1t he teuwperature inversion was becoming steeper so that 15 minutes after
¢ e abuve variations occurred a 13.5°C inversion occurred between the surface
and 200 feet, wnile a +13.3°C inversion occurred between the surface and

Jf feevt,

S Nov 62, 0000-0200 hours, S-1 Response

eather conditions: sky obscured by lO/lO fog, with about a 700-ft ceiling
and scattered patches in the vicinity of the 200-ft
tower level

variable visibility from about 3 miles to > 50 miles,
-1.4 to =1.6°C gradient (vertical)

S winds, 3 to 5 knots
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Results: 1. Hyp/g,13 ~ 0.42 (2335 hrs); o D = 0.0065

2. Hyp/o,5 = 102 (0 0.13 = 0.5)= 0.05/m1 (2335-2350 hrs);
op=0.025

3. Hyp/1.0 = 1.55 (0 0.5 - 1.0) = 1.1/mi (0006 hrs); o D = 1.1

b. ANp/h.5 = 0.36 (0 1.0 - 4,5) = 0.12/ni (0006-0100 hrs);
(o 4 D= 0.5‘&

5. No response above noise at 7.6 miles (0200 hrs)

Analysis: The wide variability of tle direct attenuation coefficients and
corresponding H values would seem to jndicate the presence of scattered fog
patches between the ground and light source at the 100-ft level. This vari-
ation in 9 would also be due, in part, to the variation in the fog ceiling.

Figure 3l indicates another unusual example of the indirect intensity
dropping more rapidly with distance than the total so that the total trans-
mittance, Fig. 32, becomes greater than the indirect transmittance at dis-
tances beyond about 2-1/4 miles. The total intensity is greater than the
inverse square intensity to about two miles distance, beyond vhich the
inverse square to total intensity ratio increases rapidly beyond unity.
Figure 32 shows an increasingly lower indirect transmittance than total
transmittance beyond about two miles.

Figure 33b indicates large maximum total intensity variations of +55%
and -34% from the norm at 4.5 miles under visibility conditions of >S50 miles
and a temperaiure lapse rate or vertical temperature gradient between -l.4 to
-1.6°C between the surface and 200 feet, and -1.9°C between the surface and
87 feet. One of the curves of Fig. 33b (+3 minute interval) indicates total
variations with respect to two different norm values. It is interesting to
note the much greater variation occurring the night before under similar
visibility conditions, but a much steeper temperature vertical gradient of
+13.5°C and +13.3°C between the surface and 200 feet and 87 feet, respec-
tively. The maximum indirect variations of +12% and -20% from the norm
occurred at 4.5 miles.

11 Nov 62, 0200-0300 hours, S-11 Response

Weather conditions: five-mile surface, estimated visibility in ice fog,
vith sky covered by 10/10 cirrostratus; lov-level
fog patches

temperature: -33 to -37°C
SSE winds, 5 to 6 knots
Results: 6292 photomultiplier tube, S-11 response, at 1000V, plus amplifier

at 100 gain, employed at 4.5-mile site, but no signal nor flash
vwas observed.
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Analysis: Surface lights could be seen at a 4.5-mile distance. A ceiling
balloon run indicated an unlimited ceiling, yet many thin stratus patches
seemed to be present. A full moon was partially observed through cirro-
stratus. The light was left flashing until about 3/4 mile from Camp Century,
and then only the indirect flash was observed. It seems reasonable, there-
fore, to conclude that the light source itself was surrounded by drifting
fog pa*ches.

13 Nov 62, 0118-0548 hours, S-11 Response

Weather conditions: varying scattered fog patches between Camp Century
tover and 7.6-mile point, with about a 3000-ft overcast
ceiling, and fog occasionally dropping to the 1CO-ft
level

visibility ranging between 3/5 mile and unlimited;
40.3°C and =0.4°C gradient (vertical)

SSW surface winds at 8 knots

Some Personal Weather Observations: At 0.l13 mile, the ground lights of the
one-mile-long airstrip were clearly visible, vhile a slight corona was
observed around the 750W incandescent tower light at the 200-ft level. At the
0.5-mile point there vas a medium thick fog about the 200-ft light, while a
weak corona was noted around the ground lights. At the one-mile point the

top of the tower appeared clear during the first 35 readings and then became
partially obscured by fog during the last five readings. About seven min-
utes later the tower lights at the 200-ft level and the 100OW red-colored
lights at the 100-ft level were barely visible. Five minutes later the tower
lights became visible as the observers departed for the 4.5-mile wanigan.

At the 4.5-mile vanigan site, a full moon with about a 2;° corona
diameter, as at the 0.l13-mile point, was visible at an elevation of about
30 degrees to the SW. The 200-ft tower light vas barely visible, and about
30 minutes later became invisible to the naked vye, while the reflected light
of the light flash was still clearly visible. At the 7.5-mile point the

light flash was no longer visible, while a 34° corona diameter was observed
and the wind had increased (11 knots reported by the Camp Century station).

Results: 1. Hyp/0,13 = 0.60, ¢D = 0.078
2. Hyp/o.5 = 440 (09,13 - 0,5 = 4.9 ml); 0D = 2.4
Hyr/0.5 = 1.68 about 15 minutes later (g = 1.47/mi); ¢ D = O.74
3. HNF/]..O = 0.97, ®,5 - 1 mi negative
be Hyp/y,5 =128 (01 - 4,5) m = 0:36/mi); 0D = 1.62

Analysis: This is an example of the wide variability in the relationship
between the direct and indirect light radiation as well as the direct
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attenuation coefficient as a result of the relatively rapid fog patch vari-
ations in the close vicinity of the light source.

The graphs of Fig. 34 indicate similar intensity variation with distance
for the indirect and total radiation up to about one mile vherein the
respective transmittances retain a significantly unchanged ratio from about
0.2 to 7.6 miles. The total intensity is significantly greater than the
inverse square intensity between about 1 mile and 7 miles, which is probably
indicative of good visibility and extensive cloud-cover situations on the
Greenland icecap. Figure 55 depicts a somewhat more rapid decrease of total
than indirect transmittance with distance beyond about the l-mile point.

Figs. 3ba-b indicate maximum total and indirect variations not exceeding
about $20% frum the rorm. Figure 36-b curves indicate indirect or totali vari-
ations with respect to more than one subsequent norm value. The weather
situation vas such that analysis was extremely difficult in the presence of
variable fog patches near 100 feet. This could well account for the indirect
intensity 20% variations at 700 feat (0.13 mile). The temperature vertical
gradient lay between +0.3°C and -0.4°C and 0.0°C and -0.7°C for the surface
to 200-ft and 87-ft heights, respectively.

1l Nov 62, 0355-0757 hours, S-)1 Response

Weather conditions: partly cloudy with 2-3/10 stratocumulus at about 2000
ft, scattered fog patches at about 200 £t, and variablle
high cloudiness (3 - 7/10 cirrostratus) becoming 8 -
9/10 stratocumilus at about 2500 £t with 1 - 2/10 low-
level fog and ice fog towards the end of test at the
4,5-mile location

ectimated visibility varying from about 1i to 4 miles

~20°C in ice fog (between 0730 and 0800 hrs);
41.6°C to +3.5°C gradient

SE surface winds, 4 to 9 knots

Some Personal Weather Observations: At 0.13 mile at O4OO hours, ligh* fog
was observed dArifting irregularly peet the 200-ft tower lights. There were
partly cloudy skies with a full moon to the SSW. At the 0.5-mile point at
0415 hours, the ground and tower lights appeared very clear. A thin halo of
about 10 diameters appeared around the moon. At OL28 hours the 200-ft tower
lights were still visible, but within some fog; while there was some halo
arouna the surface lights. At 1.0 mile at OLS50 hours the sky appeared clear
except for the moon halo noted above and a thin fog around the surface and
100-ft tower lignts. At about the 2-mile point at 0508 hours the tower
lights at 200 feet were obscured by fog, while the surface and 100-ft lights
appeared in the clear. At 0555 hours, at the 4.5-mile position, the moon
vas almost completely obscured by overcast, and neither the tower lights nor
the light pulse was visible. Low cloudiness with scattered fog occurred
between 00l: and 0757 hours.
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Results: 1. liyp/g,13 = 0419 (0355-0400 hours); g D = 0.42

. Hm,./o.5 = 0,97 (O415-0430 hours), (0(0.13 - 0.5) " 2.2/mi);
0 D = lol

3. Hm;v/l.o = 1.07 (0“‘2-0)451 hours), (0(0.7 - 1.0) - 0.68/1'111);
g D= 0068

L. Total intensity, NF, uncha: el at the '.S-mile point for at
least six minutes (0600 to 060b) by 60% nbmt 90 minutes later,
i.e., 0730 hours

/nalysis: Figure 37 shows the total intensity decreasing at a faster rate
than the indirect for the initial 0.5-mile Aistance. The rate of decrease 1is
almost identical between about 0.5 and 1 mile. The inverse square/total
intensity increases gradually from 1 to 2} in the first two miles and becomes
almost a constant of 4 at three miles and beyond.

The indirect transmittance drops less rapidly with distance than the
total transmittance, as shown in Fig. :8.

At the 0.5-mile point the original data indicated an increase of the
indirect intensity by about 4LO% because of the appearance of increasing fog
patches near the 200-ft level. This increase occurred in about 10 minutes.
At the L.5-mile point a 60% increase of the total intensity occurred in about
90 minutes, during which time a low overcast at about 2500 feet and scattered
ice fog patches occuicred. ’

Figure 39 indicates relatively small variations, with a maximum of +15%
from the norm for the indirect and slightly less for the total intensity.
However, fog conditions near the 100-ft level complicated analysis. The
vertical temperature gradient between +1.6°C and +3.5°C, and +2.1°C and
+0.8°C, prevailed between the surface to 200-ft and 87-ft levels, respectively.

15 Nov 62, 0147-0826 hours, S-1l1l and S-1 Photomultiplier Res,onse

Veather conditions: broken to overcast stratocumilus at about 2000 ft, with
thin scattered and varying ground fog patches from sur-
face to at least 200 ft from OlLO to 0315 hours, remain-
ing broken to overcast at about 2000 feet with < 1/10
scattered ground-fog patches by 0345 and remaining so
until end of test period

variable visibility from about 3 to 15 miles until 0300
hours, becoming unlimited by 0330 hours;
+0.9°C to +3.3°C gradient (vertical)
E-ESE winds, 2 to 6 knots
Some Personal Weather Observations: At 0.13 mile at 0200 hours, a 3} degree
corona was observed around a three-quarter moon. The 100-ft and 200-ft tower
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lights were clearly visible. The sky was overc.st at V.5 mile at 0300 how
the 200-ft and the 100-ft tower lights were in very thin fog, while the sur:
face lights were clearly visible. The sky was overcast at one mile at OLOO
hours; an approximately 7-diameter halo still appeared around the moon. The
surface and tower lights were clearly visible with the skies cloudy. All
lights appeared very clear between 0500 and 0800 hours at 4.5 miles, while
the light pulses seemed noticeably reflecting from a low cloud deck.

At 0147 hours, no lights nor the direct flash was visible from the U.5-
mile fixed wvanigan position, while at 0155 hours the surface lights were
visible. At 0204 hours, both surfece lights became visible; and at 0212 hours.
all tower lights became clearly visible. The tower lights were no longer
visible at 0253 hours, and by 0310 hours the tower and surface lights became
obgcured until about 0330 hours when all lights became visible, and broken
low clouds were observed.

Results: 1. S-11: Hyr/0,5 = 0.95; o D = 0.09
Hm:/u.s = 8.0; gD = 0.8

(C(O.6 - b.5) " 0.18/mi at 0250 hrs)
(simltaneous measurements at 0.5 and 4.5 mi)
2, S-11: Hypn,0 = 0.35
HNF/%.S = 1,45
O(1 = 4.5) is negative at 0330 hours
(simultaneous measurements at 1 and 4.5 mi)
3. At 4.5 mi with S-11 Photomultiplier No. 1 Response (RCA 5819):

0208 hrs: HNF = 3o)4
0231 hrs: Hp = 0.97

0248 hrs: Hyr = 8.0
0318 ars: Hyp = ®, i.e., all indirect
0334 hrs: Hyp = 1.45
0503 hrs: Hyp = 1.02
0520 hrs: Hp = 1.05
0533 hrs: Hp = 0.86
0546 hrs: Hp = 1.1
0600 hrs: Hyp = 1.25

4., At 4.5 mi with S-11 Photomultiplier No. 2 Response (Dument £292):

0503 hrs: Hyp = 0.72

0524 hrs: Hp = 1.1

0546 hrs: Hp = 1.2

0605 hrs: No response in the red region
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5. At 4,5 mi with S-1 Photomultiplier No. 1 Response (Dumont 6911):

0715 hrs: Hyp = 0.75
0732 hrs: Hp + IR = 0.6
0752 hrs: Hg = 0.57
080k hrs: Hg I % 0.67
0819 hrs: Hy = §2s

6. At 4.5 mi with S-1 Photomultiplier No. 2 Response (Dumsont 691i):

0736 hrs: H +IR" 0.97
07“‘7 hrB. }é + IR = 0.1&2
0755 hrs: HR + IR ™ 0.88
0808 hrs: Higp = 0.60
0824 hrs: Hy = 0.77

Analysis: Figure 12shows a ratio of indirect/direct, i.e., H factor, of
greater than 3 for an optical depth of 0.8l with about a 2000-ft overcest and
surface albedo of 1 as compared to the H value of 0.45 for the same optical
depth locally (with 1.9 range) with about a 0.2 surface albedo and light hazy
atmosphere. The total inverse square intensity decreases more rapidly with
distance than either the total or indirect intensity beyond = distance of
about one mile, as shown in Fig. 40, 1indicating a duct effect. However,
when it is obvious that the visibility is low at the close-to-source dis-
tances and high at the greater distances, "duct effects" can be erroneously
deduced.

The total transmittance in Fig. %1 decreases at a less rapid rate than
th2 indirect transmittance for about the first mile, and the reverse becomes
evident beyond one mile so that the indirect transmittance becomes slowly
seymptotic between 1 and 4.5 miles.

The variability of H is apparently due to the relatively rapidly varying
visibility and cloud factors as well as the atmospheric scintillation effects
as noted in Figs. 423a-k. The variation of Hyp at 0503 hours may be due to
the rounding off of the time to the nearest minute wher there was actually a
finite time difference of perhaps 1/2 minute. A contribution may also result
in this case from a difference in the spectral response curves for the Dumont
photomiltiplier (S-11 response), i.e., the Dumont 6292 as compared to the RCA
photomultiplier (S-11 response), i.e., the RCA 5819. The latter was used at
the time when the available Dumont photomultiplier tube suddenly became
inoperative.

Fog conditions in the vicinity of the 100-f't tower level, until about
0330 hours, complicated analysis. Hovever, after 0330 hours the visibility
improved to unlimited, and it is aoteworthy that the graphs obtained from
data recorded after OLOO hours s)ov a generally sharp increase in the fluctu-
atior magnitudes. Maximum total intensity variations of +160% and -55% from
the norm appear in Fig. 42-d, with the average close to 40%. There appears
to be no significant percent changes of fluctuation magnitudes due to wave-
length in all cases; 1.e., percentage fluctuation magnitude changes appear to

’
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be independent of wavelength. Figures 42-h and 42-1i indicate an average
deviation of about 30% from the norm, with a maximum of +60% and =-50%.
Figures 42-j and 42-k indicate greater fluctuations, with meximum peaks of
greater than +165% and =00%. The vertical temperature gradient between
+0.9°C and +3.3°C and +0.2°C anc +2.1°C prevailed between the surface to .
200 ft and 87 ft, respectively.

16 Nov 62, 0,20=0529 hours, S-1 Response

Weather conditions: partly cloudy skies at 2000 ft at 0100 hrs, becoming
9/10 broken between 1500 and 2000 ft at 0200 hours,
with thinly scattered, near ground level, fog patches,
followed by overcast between 1500 and 2000 ft by OLOO
hours, with low-level fog patches

widely varying visibility conditions from about 1} miles
to unliaited

E winds, 8 to 10 knots

Scme Personal Weather Observations: At 0120 hours, at O0.l3 mile, a 9-
diameter halo was noted about a 2/3 full moon at an elevation angle of about
30 degrees to the SE. The sky appeared partly cloudy, with a slight fog
halo at the 100-ft and 200-ft tower lights. At 0152 hours, at 0.5 mile, a
weak halo was observed around the ground lights as well as the tower lights.
At 0215 hours, most cf the halo disappeared from the ground lights. Between
0223 and 0305 hours, at %.5 miles, a thin layer of fog appeared at about

200 ft. All the lights became invisible to the eye, with only the diffuse
light from the flash evident in low=level clouds. The 200=-ft tower lights
and flash were faintly visible in the S-power telescope, with the moon becom=
ing more obscured by broken clouds. By 0328 hours the tover lights were
invisible in the telescope. By O420 hours at 7.6 miles the moon was com=
pletely obscured by overcast skies, with no ligants or flash effect visible.

Results: 1. HNF/O.13 i = Q.46 at 0122 to 0125 hrs; gD = 0.29

Qe HNF/O.S mi = 0062, g 0.13 = 0.5 = 2.20/1!!1 at 0137.011‘9 hﬂ;
oD =1.1

3¢ HNF/1.0 mi = 0.39, 00,5 - 1,0 = negative at 0211-0218 hrs

be HyF/4.5 i = 150, 01,0 - 4.5 = l.41/mi; gD = 6.3 at
0223=-0305 hrs

5. All indirect at 7.6 and 10.2 mi

Analysis: The very high value of H at 4.5 miles is undoubtedly due to the
predominance of multiple scattering in the presence of a high surface albedo
with low overcast sky and limited visibility conditions.

Figure L3 indicates a somewhat more rapid indirect intensity drop until
at least one mile beyond where the total intensity drop is greater, so that
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almost «11 is inlirect by about «.5 miles. The inverse square/totul inten-
sity increases gradual_y with aistance, reaching about Y at seven miles and
beyond.

Figure 44 indicates the usual indirect transmittance as varying less
rapidly than the total to at least 4.5 miles, and then running al:ost parul-
lel to at least 10.5 miles.

Fog conditions in the vicinity of the 100-ft tower level throughout thle
test period complicated analysis. The variubility of the fog muy very well
account for the rreater indirect than the total fluctuations at 0.5 mile in
Fig. 45-a. At 4.5 miles and beyond when no lights were visible and only the
diffuse light at the 4.5-mile point was visible, the magnitude of the fluctu-
ation in Fig. 45-b is not more 'han +18% and -23» from the norn.

17 Nov vz, 0100-0259 hours, S-1 Response

Weather conditions: s.y obscured by about 8/10 stratocumulus at about
2000 ft, and 2/10 ground fog

estimated visibility 1, miles
SE winds, 12 to li4 xnots

Other Weather Observations: At the beginning of the test, i.e., 0100 hours,
conditions were 1/2 crescent moon in SE, about 7-diameter halo, some stars
visible, weak halo around 100-ft and ground lights, and loss of a halo around
the 200-ft tower light. At Ol17 hours at the O.5-mile point there was no
observable change in the weather conditions. About 0122 hours at the 0.5-
.dle point, somewhat increased halos were obsgserved around all the lights. At
0137 hours, at the l-mile point, no observable change in weather conditions
occurred. At 0150 hours at 1 mile, all lights were still visible with haios,
but the halo about the 200-ft light appeared somewhat weaker. At 0240 hours
at the 4.5-mile point, no lights nor flash was visible, but the moon could
still be seen. At 0255 hours a clearing trend was noted so that only the
diffuse lignt of the flasb signal became visible.

Results: 1. Hyp/o,13 mi = 043 (0100-0102 hrs); ¢ D = 0.31

2. Hyp/o.5 mi = 34 (0115-0l22 hrs); o D = 1.2
(0 0.13 - 0.5 = 2.4/mi, (0101-012Z nrs))

3¢ HNF/1.0 mi = 3.3 at 0135-01k3 hrs; gD = c.3
(C 0.5 - 1.0 = 2.3/1111)
L. Hg + JR/1.0 mi = 4.1 at Ol46 to OLL7 hrs

5. UR/1.0 g = 90 at 0150 to 0151 brs

Oe i, 4,5 mi = 120 at Ock0 hrs; gD = J.O
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Analysis: The values for Hyr/0.13 mi = 0.k3 for ¢ D = 0.3, for dyp/0,5 =
3.1} for gD = 1.2, HNF/l.O mi = 8-8 for oD = 2.3, and Hm\/h.B mi = 120

vere plotted in Fig. 46, as their measuremerts were made under relatively
stable conditions. Couparisons with the locally obtained curve under the
same optical paths and similar visibility conditions, but with surface
albedo of about 0.2, indicate that an increase of more than 400% can occur
for H in the presence of a low overcast and surface albedo ¢ unity at
relatively small optical depths, i.e., one mile. A "duct type ," or light-
energy-trapping effect, seems comparatively evident here. The S-1 response
photomultiplier employed under the above-noted arctic conditions compared to
the S-11 response photomultiplier employed locally would normally emphasize
a greater increase should it have been an S-11 response photomultiplier,
since one would normally expect a smaller H factor in the near infrared
region of the S-1, i.e., O.74 to 1.2 microns as compared to the spectral
region of the S-ll-type response, i.e., 0.32 to 0.65 micron.

The value of H obtained using the Wratten 58 (green) filter, however, is
about 30% less than H obtained while employing the Wratten 87C (near infra-
red) filter. This effect in this case should be considered in the light of
the somewhat greater absorption effect of water vapor for the near infrared
than the green spectral region as well as the relatively much smaller direct
component than indirect involved. The value for Hyp/4.5 mi w120 was

btained by the relationship K (total transmittance 3 »
o y P S5 mi * direct 1:::a.nsxn:l.tt'.emce)“"5 ol (

H,13 mi) where visibility < 4.5 miles. NOTE: Derivation on page 8.

The intensity-vs-distance curve of Fig. 47 shows the indirect intensity
to Le equivalent to the total in the vicinity of one mile in the no-filter
case. It is, hcwever, interesting to note that the total intensity-vs-
distance curves run parallel for the green plus near infrared and the near
infrared case. This would seem to indicate that the addition of the rela-"
tively small green spectral region to the near infrared (note the spectral
system response curves) produces a negligible effect on their respective
total transmittances. The inverse square/total intensity increases gradually
with distance so that it is about four at 4.5 miles.

The transmittance-vs-distance curve of Fig. 48 for the no-filter case
indicates a high degree of parallelism so that one may surmise a negligible
difference between the total and scattered transmittances over the paths
involved.

Typically small fluctuation magnitude changes in Fig. 49 occurred under
poor visibility conditions of about one mile, with about 8/1V cloud coverage
at 2000 feet, and 2/10 ground fog. The fluctuation magnitudes of +li4% and
-12% from the norm were not exceeded up to and incluaing the 4.5-mile
distance.
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21 Nov 62, 2144-2150 hours, S-1 Response
Weather conditions: no moon nor stars visible, 9/10 to 10/10 fog

estimated visibility about 1/2 mile, +1.0°C gradient

SSE winds, 15 to 16 knots
blowing snow

Results: H = L. D = 0.78 uning g = 2o
esults: HuF/0.13 mi 3, o 19, assuming 0 = orThiitty

Analysis: Measurements were taken only for the no-filter case at 0.l; mile,
at which distance weak halos could be observed around the surface lights and
the lights at the 100-ft and 200-ft levels. A plot of H on Fig.l2 would
rlace the point about midway between the curve representing cloudy sikies (at
2000 ft), one mile visibility in fog, ground albedo of unity, and the curve
representing clear skies with ground albedo of unity.

The fluctuation magnitudes at 700 ft in Fig. 90 are within the 1107
range from the norm; 8/10 fog with 1/2-mile visibility, blowing snow, and a
vertical temperature gradient of +1.0°C and -0.5°C between the surface to
200 ft and 87 ft, respectively, were present.

23 Nov 62, 1950-2032 hours, S-1 Response

Weather conditions: sky obscured in about 6/10 fog coverage and
about 4/10 stratocumlus at 1500 ft

estimated visibility of 1 mile
+2.2°C gradient (vertical)
ENE winds, 18 knots, with blowing snow

Other Weather Observations: o moon nor stars were visible. Halos were
noted around all the surface and tower lights at 0.l1l3 mile; while no lights,
including the flash, were visible during the test at the 4.5-mile station.

Results: [Tomm-/nov 23

Totalm./l\lov 23
2 L"f‘otalm..[Nov 17] . ;90
0.13 mi

= 0092

2 L 0 % it I
3. HNF/)"os mi 60, a.ssum.‘l.ng (o] m’ oD 13.5

Analysis: Measurements were carried out only for the total and indirect at
0.13 and at 4.5 mi, which were indistinguishable in each case. Although
results 1 and 2, above, are almost equal, it is interesting to note the
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great difference in the Il values on 17 and «1 liov, i.e., more than 2004 at a
distance of only about 0.l 3 mile from the source. This would indicate the
near equulity of total radiation at distances relatively close to the source,
although the indirect or direct radiation nay vary widely.

‘he value for Hyp/L,5 mi ~ 00 was obtained by calculating

totul transmittance . e
— s e % ”0.15 mi) where visibility < 4.5 mile3 und

asswaing Hg 13 = 0.5. The latter value was selected sincc it was felt that
tnis weather situation most closely resembied that of 17 llov.

I'igure 51 indicates the relatively small variations for the total
intensity not exceeding +1&, from the norm at 4.5 miles. The same maximum
variation for the indirect intensity can be attributed to the fog variability
between the source and receiver. Six-tenths fog wita 4/10 cloud at 1500 ft,
l-nile visibility, blowing snow and a vertical ygradient of +2.2°C anl +1.8°C
between the surface and 200 £t and 7 ft, respective.y, prevailed.

Y .ov Cz, 0204-0512 rours, S-1 Response

Weather conditicns: siy obscured by fog followed by ground fog. I'here was
10/10 sky coverage initially, becoming 3/10 to 4/10
variable ground fog, with smaller amounts towards later
part of test period, i.e., after OL30 his

estinated visibility, 1/2 to 1 mi in fog, and very
lignt falling snow

+1.3°C to +1.7°C gradient (vertical)

SSE winds, 9 to 1l knots

Othier Veather Observations: At 0209 nours at 0.13 mile, no moon nor stars
were visivle; very light snow was fulling. Weak halos were around all the
grouna ana tower lights, but somewhat less at the 100-ft red tower light than
at the 20C-ft white tower light. At about the same time, no lights on the
tower or ground were vicible from 4.5 miles. Only the diffuse light of the
flash wes visible in a horicontal plane in what appeared as thin clouds.

At 02235 hours at 0.5 mile, weak halos vere observed around all the
lipnts, while some stars appeared visible overhead after 0220 hours at the
fixed h.5-mile wanigan site. At OZWo hours at one mile, strong halos
appeared around the 100-ft and ground lights, but with the top of the 200-ft
towver appearing clearer. llo weather change was apparent from 0246 hours at
one :mile until the end of the test at 0518 hours at 4.5 miles. However, from
the fixed wanigan site at 4.5 miles, nore stars seemed visible overhead by
Ok 30 Lours, but no lights nor stars, looking toward Cwap Century, were
present. The diffuse light of the flasher wus still visible at 4.5 miles at
the end of the test period. From the tower at about 0000 hours, the TSOW
towver white light at the 200-ft level could just begin to be obrerved at
about 1-1/ mile distance, while the 150W tower red light at the 100-ft level
could he observed faintly at about one mile away.
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Results: 1. Hig'/0.,13 = 0.49 (0210 hrs) veax halos around
all lizhts at

2. HNF/0.5 = 1.77 (0224 hrs) —e 2,09 (0c28 hrg) ) Camp Century
o D = 301‘

3+ Hyp/y = 42.1 (0247 hrs), o D = (.5,
strong halos around all lights

Hs , IR/1 = 3.5 (0250 hrs) no noticeable
weather change

HIR/l = 8.0 (0250 hrs)
Hyp/1 = 1.14 (0301 hrs) — 3.7 (0305 hrs)

(Umv/9.;' -1.0° 0.8/mi (02:8-0247 hrs))

Analysis: The greatest weather change occurred between about 0200 and 0300
hours, with lO/lO fog becoming about 4/10 ground fog in this period. This
could well account for the relatively rapid increase in H from 1.77 at 0.5
mile to 42.1 at one mile. The increase in H at 0.9 mile from 1.77 to 2.8%
in about four minutes also indicates the rapid drop of the fog level toward
the surface 1n becoming ground fog. Ground fog of smaller amounts could
bring about an increase in H compared to fog, asswalng even the same visi-
bilities in each case, should the ground fog ve in the close vicinity of the
light source while the fog is not. In addition, one must also consider the
possible changes in water content drop-size distribution as the fog changes
to ground fog.

ihe greater value of Hig than H, ;p or Hyp at ore mile would appear to

indicate the effects of a rapidly changing weather vatterm plus, perhaps, the
effects of very light falling snowflakes in cuusing greater scattering for
the near infrared than for the visible.

The folliowing relationship appliec in Fig. 52
invers= square]
- total = Dy

1.7 2105 (D) < Dg) .

inverse squaréJ

total
L D,

It is interesting to note in Fig. 52 the same slcjes for the near infrared
as the near infrared and green regions in the curves; ghwowing total intensity
vs distance. Thesz measurements w. re made during a period wher relatively
very small weather changes were occurring, so one nay safely conclude that
the total attenuation effects for the near infrared are about the same as
for the near infrared plus green in this ;pround fog plus light fallin, snow
weather. One may surmise that this independence of wavelength effect is
suggested in comparing the visible to the near infrared total attenuution
effects in this typc of weather.
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The indirect and total transmittance slopes of Fig. 53 for the no-filter
case are almost identical, with perhaps a somewhat steeper slope in the
indirect transmittance for the first 0.5 mile.

Analysis was complicated by the presence of fog in the vicinity of the
100-ft tower level plus the presence of very light falling snow. However, the
general small variational trend, typical of poor visibility situations, pre-
vailed (Figs. 5k-a - Sk-e). The maximum spread of +32% and -22% from the norm
occurred at 4.5 miles for the R + IR case, and almost the same for the B + IR
case at 4.5 miles. The indirect intensity fluctuation pattern at 1.0 mile
for the no-filter case in Fig. 51-d is discounted, since it is likely due to
some prevailing factor other than the index of refraction fluctuations of the
air molecules. The vertical temperature gradient in this period varied from
+1.7°C to +3.3°C and +1.3°C to 1.9°C from the surface to 200 ft and 87 ft,
respectively.

26 Nov 62, 0224-0335 hours, S-1 Response

Weather conditions: sky partly obscured by scattered ground ice fog extending
up to at least 200 ft

visibility 1/2 to 1 mile

SE winds, 11 to 12 knots, becoming 19 knots from the
SSE towards end of test period

blowing snow after about 0300 hours
+2.0°C to 40.5°C gradient (vertical)

temperature: =27 to =-33°C

Other Weather Observations: Many stars were visible in the overhead position
at the 4.5-mile point between 0215 and about 0305 hours. The diffuse light
in the horizontal plane appeared visible from the flash at this distance dur-
ing this time period. At 0224 hours, at 0.13 mile, weak halos were observed
around the tower lights and airport runway lights, and the stars were visible
overhead. At the O.5-mile point the halos around the lights wer- more intense.
Very strong halos were observed around all the lights at 1.0 mile at 0302
hours, and the lights could be faintly discerned. However, the top of the
tover appeared somewhat clearer. At about 0330 hours at one mile, the lights
were almost invisible, while the stars were no longer visible in the blowing
SNow.

Results: 1. Hyp/o,13 = 0.6€ (0209-0212 hrs); g D = 0.71
o Br/o.5 = 940 (0223-0229 brs), (o 0.13 = 0.5 mi = 9+5/mi);
gD = 2.7
3¢ Hyp/1,0 = 146 (0246-0248 hrs) (0 o.5 - 1.0 ms = 3-1/ml);
gD = 3.1
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Se e/l = 3140 (0314=0517 hrs) -- infinite (0317-0320 hrs)
Y+ idypyy = 4.l (0520-0528 hrs)
“e JxF/l.O is infinite (0330-0335 hrs)

( tot&l ‘IOalj d
* 1%totul 1.0 .2d

] 2 0,005 (0307-050v hrs)
e

andysis: fesults 1, £, and 3 are included in Fig.l2. +The upper regiors of
Lue curve could very well ve less steep, since the smaller vulues for ¢
vetveen 0.5 and 1.0 rile as compared to 0.l35 and 0.5 mile indicate an improve-
sent in visibility at the O.5=-mdle point while measurements were being carried
out at the one-mile point. A greater g at 1.0 mile would therefore follow
should a somewhat greater direct component be considered at the 0.5-mile
polnt.

The reater value for H(c+IR) than Hiy indicates the greater scattering
eftect In the green and the greater absorption effect in the near infrared in
the presence of ice crystals and perhaps water droplets. The infinite value
for H at one mile with no filter is due to the predominance of the visible
wvavelength and perhaps to some extent to the added effects of blowing snow as
a result of the increased winds at about 0330 hours.

Result 7 includes the limited duta obtained at the L.5-mile point until
the generator broke down.

Figure 55 indicates the intensity vs distance relationship up to 1.0 mile
such that the inverse distance square/total intensity increases rapidly with
distance.

Figure 56 shows the almost unchanged values of the ratios of the indirect
to the total transmittances over the short pathlength of about one mile.

Ice fog in the vicinity of the 100-ft tower level complicated analysis
{Figs. 57-a and 97-b). The variation o. the indirect inte..sity at one mile
for tne no-filter case in Fig. 5S5k-a 1is due, in large measure, to the fog-
clearing effect near the top of the t wer at that time. The maximum variation
from the norm is +305, and -12% at one mile under visibility conditions
between 1/2 and 1 mile. The vertical temperature gradient varied from +2.0°C
to 40.5°C and +40.6°C and +0.3°C between the surface and 200 ft and 87 ft.

respectively.

30 Nov oz, 0lkb-0527 hours, S-1 Response

Weather conditions: sky partly obscured by scattered ground ice fog
extending up to about 200 ft

vigsibility of 1 to 2 miles

temperature: =35 to -40°C
-0.0°C to =2.5°C gradient (vertical)
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ENE winds, 8 to 10 knots, becoming E in later period

Other Weather Observations: At 0.13 mile between Olho and 0300 hours, light
ice fog was observed around surface and tower lights, seemingly less intense
at 100 ft than at 200 ft. Some stars were faintly visible, and no noticeable
halos were around the tower lights. At 0.5 mile, between 0312 and O03l5

hours, light halos were observed around the surface lights. At 1.0 mile
between 0331 and 0400 hours, light Lalos were observed around the surface
lights, vhile none appeared around the 200-ft level. At 4.5 miles between
0509 and 0527 hours, only the diffuse or indirect light of the flash appeared
visible, while the 200-ft tower light appeared visible in an O-power telescope.

Results: 1. HNF/O.13 = 0.39 (0146-0149 hrs), —» 0.31 at 0200-0302 hrs;
oD = 0.30 (-40°C)

2 HNF/O.B - O.lt"{ (0312'0315 hrS), g 0.13 - 0.5 = 2.3/!111
(0300-0315 hrs) gD = 1.2 (-k0°C)

3. Hyp/1,0 = 0.54 (0335 hrs), o D = 1.4 —0.63 g D = 1.0
(0400 hrs); @ g,5 . 1,0 = 1.4/mi (0314-0335) — 1.6/mi,
(0314-0400 (-40 50 -42°C)

L, H&m/l.o = 0.53 (0343) (-k2°C)
Se Hm/l.O = 0,64 (0353) \"1#2.(:)

Analysis: It is interesting to note that Hyg/j,o is about 20% greater than
d:41R /1.0 during a short time when the weather appeared unchanged. This may

rrove indicative of ice fog conditions with no or negligible water vapor
present, with temperatures of -35 to -4L°®C, since water droplets spontaneously
freeze below about =33°C.2

From ig. 58 one notes that at about 1/4 mile the total intensity remains
about the same as if there were no atmospheric attenuation, i.e., with zero
surface albedo. At 1.0 mile the total intensity drops to about 1/3 that of a
nonattenuating atmosphere with negligible surface albedo with a nonlinear

increase of inverse distance square intensity distdnce b resents
total intensity versus &8 Baneyprcs

The parallelism of the infrared plus green versus the infrared total
intensity curves suggests an independence of wavelength versus total trans-
mittance in this type of ice fog. The total transmittance of the infrared
plus green as well as the infrared in the 1 to 4.5 mile range is approximately
50% that of a nonattenuating atmosphere with negligible surface albedo.

The ratio of the indirect transmittance to the total transmittance,
derived from Fig. 59, increases nonlinearly with distance.

The presence of fog around the ground and tower lights and the obscuring
of the tower lights, particularly at the 100-ft tower level, at 4.5 miles,
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complicated analysis. The latter effect sharply limited the fluctuation
spread at the 4.5-mile point so that at no point did the maximum fluctuation
from the total average exceed +14% and -15% deviation from the norm (Figs.
60a and b). One- to 2-mile visibilities prevailed under ground ice fog con-
ditions throughout the test period. The veriical temperature gradieat varied
from -6.0°C to -2.5°C, -8.1°C to -6.6°C, -9.8°C to -13.3°C from the surface
to 200 ft, 87 ft, and 15 ft, respectively.

CONCLUSIONS AND RECOMMENDATIONS

In the summation graph of indirect/direct intensity vs optical depth
(Fig. 12), which includes some results obtained in the local New Jersey area,
one can note the greater value of the ratio in the arctic environment than
locally, except for curves 5 and 7. Curve 5 involves a 1/2 to 1 mile visi-
bility in variable fog with very light falling snow, while curve 7 takes into
account a 1l- to 2-mile visibility situation in the presence of ground ice fog
comprised almost entirely of ice crystals. There is no evident explanation
for these deviations; however, the remaining graphs emphasize the much greater
indirect/direct ratio for a given optical path in the presence of a surface
albedo of unity with and without a cloud cover, particularly for the situ-
ation involving a low overcast and very good visibilities.

A "duct type" effect seems also to be highly evident for the 27 Oct and
17 Nov cases, as shown in Fig. 12, by comparison with the local New Jersey
affects at a much lower surface albedo. For example, an increase of more
than 300% occurs for H at an optical depth of 1 in the presence of a 2000-ft
extensive cloud deck on 17 Nov, with a surface albedo of near unity, as com-
pared to the local curve 9 of Fig. 12 under clear skies and approximately
0.2 surface albedo.

Figure 34 for 13 Nov, comparing total vs inverse distance square inten-
sity vs distance, shows a trapping, or "duct" effect, of light energy beyond
about the l-mile point with a homogeneous snow surface and an estimated
3000-ft ceiling, plus scattered fog patches with prevailing good visibili-
ties. This duct effect reaches a maximum between 4.5 and 5.5 miles, with an
increase of about 350% evident in this range. Figure 40 for 15 Nov is
another similar example of this duct effect, with the boundaries being the
snow surface and a broken to overcast 2000-ft ceiling under prevailing good
visibility conditions and scattered fog. This effect becomes noticeable
beyond about 1/2 mile from ground zerc, with an increase of 700 to 1600%
beyond 3 miles. The presence of fog patches in both cases, nowever, compli-
cates a fully reliable evaluation of the results. A duct effect also appears
on 29 Oct, with presence of fog patches, with a maxjmum increase to about
350% beyond one mile.

It is also notewvorthy that very large variations in the received light
intensity can occur from one flash to the next or over very short time inter-
vals of less than 30 seconds. This variation assumes maximun magnitudes of
160% in the presence of excellent visibilities and steep temperature inver-
sions and of somewhat less magnitudes in the presence of excellent visibili-
ties and smaller temperature inversions for a given distance. Such vari-
ations, moreover, show a marked distance dependency, but no wavelength
dependency. This would indicate that, in general, such a variation can occur
for any effective point light pulse type radiation source under similar
meteorological conditions.
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I. is recummended that a statistical type o® empirical effort be mace
in order to obtain suistantial quantitative relationships for a maximum
variety of specific and measurable atmospheric conditions in different
climates.

ACKNOWLEDGMENTS

We wish to thank Dr. Hel.ut Weickmann for providing us the oppcrtunity
and encouragement to expose ourselves to the challenging environment of the
Greenland Icecap. Acknowledgment is also made of the logistic support given
by the Engineer Corps of Fort Belvoir, and some of the weather data provided
by the Fort Monmouth Army Meteorological Team and the Fort Huachuca Meteoro-
logical Team. Appreciation is expressed to Mr. L. Budney for computing and
plotting the signal percentage variation from the norm graphs and the com-
bined spectral response curves.

REFERENCES

1. Bennett, M. G., "Further Conclusione Concerning Visibility By Day and
Night," quart. J. Roy. Met. Soc., 61, 179-186 {1935)

2. Middleton, W. K., Vision Through the Atmosphere, U. of Toronto Press
po u)‘, 1952’ Fig. J.ll, p I‘Z#-

3. Mason, B. J., Clouds, Rain, and Rainmaking, Cambridge University Press,
196z,

115



*Wd OT-B .

‘29 Te 9T-ST Wo T¥303 aq3 €/1
3noqe 03 Tenbe saTIm G4 uﬁ!ﬂﬂu
-FPeI 393IFPUT JO T®IOL ﬂiﬂ
J0J 3UIPTAa souspuadap

QIBUITIA®A O °TRAINUT anuTw #/T-2
¥ Jaa0 afeiaaw LTPUSUT 3OAITPUT
pue Te03 woxl (I9TTJ InTq) 4 pue
AN ‘UOTIVTAID WTETXWE $02 *IAINOS
33 3% AToaxp Bupjupod JaaTedsx
Q3 UITA T¥303 33 JO $9f WeA UOTI®
-TPRI JIAITPUT I3 ‘pesgIaso LTTed

«T7319A Suriurod T JAATIOAI Iq) AIIA

‘I3A3A0f ‘90INWOS YBIT U} FPIVAO)
fupjurod JGATIVRX U} YITA ‘Te303
aqy PaTTUNhs WOTIETPRI 0&XTPUT gl

‘Wd OT-8 T #T

Jo T®303 JO $62 3noqe 03 Tenba soTTw
G'f 3% TOTIETPRI Te30] *TRAIUT
anuE 2/1-2 ® Jaa0 Beraaw L37suaquy
T¥3103 J0J ‘I9TTJ ou ‘UOT3IWTASD wrw
=X *waIe LfasIe maj T®O0T 02
paredmod U} I9eIIUT 00T © Inoqy

*(xerTdraTMoz0ud) W4

0T-s °(3xey> STQ3 UT PIiSTT 839w
TTe 03 satTdde UofyAa ‘a8x UseYg
AnUTR/G ® 3%) TEAIRUT AnuTw 4/7-2
® I3A0 ‘(3N) XTI ou ‘IBexaae
£378uanuT 19303 WOXJ UOTIVTAIP umwm
-§Xem 0L °*SAaI8 AISIIL AN TBO0T O3
paredwos dNg uy asesxour 06 ® Inoqy

90 =

" _..H Huﬂﬁﬂuw.ﬂuﬂﬁ%m )

¥‘ng ¢
0T - 960 = [ronraa] (2)

Gy Jo (aN)

mdsp TeoTdo paywwmtlsg

*ATeaT300dsax ‘49

n.-_ﬁ ‘an ..h.:_ 2 ﬁnﬂ_-ﬂ -.m!ﬂ. :”u

AN
cL0 = T.Hm”l&rmi@
*G°T mdep Tworado
payemyyes ‘0°f = 4Rg (T)

e reror
mm.on —wlolo.mwm va

‘4£°0 » q3dsp Teoy3do
payumgase ‘ce-o = Ny ()

S3USMN0) JIYIING

#83TNSY

JHVHO XHVWWNS - XIANIdIY

“SWl3 TT® 3% S9TTW 4 JO

spulA

0%zaINS JoW~-4T *JULTPRLD
D,£ET+ 021 D,2T+ ‘*saTTWm
=€ Jo KITTTATSTA pajem
“Fi8E *31J 002 319831 3% 03
Suppuagxa Bog pumoxd quBy]

*pUTA 308ZIMS

joumy-) “*3JuITpRIB D, oT+
*#3TT® OT-L Jo L£3TTIQISTA
PIySwllsy *SITYS JVITD

*SPUTA 30BJINE 00Uy

-6 *(3I%gd> STU3 UT paywd
-TpUT 89§90 TT® 01 sayTdde
qITuA ‘17 002 pu® IvWZIns
usaAleq) JUSTPRIP D, 0T+
‘8aTTm O < A3TTTATSTA
PBWE3sy  *SITHE IBITD

' SoUWMSTP DIXTI ® 03 sarydde 29 Jey L2-#T Jo porxed IqL - S3TNSOUs

sIq 00£0
= 00TO
c9 I HeS

\O
=
8 00TO

- 00£2
29 IOW 9T-ST

sy Off2
- OfTe
29 I T

SUOTITPUO) Iaq3IBoM TelaueD oWL] PU® 9380

-



BLANK PAGE



‘Hd OT-8 “‘TeAINUY

nuTE=- v Jaa0 afureaw L3TsuNnug
108ITPUT puU® Te303 WoxJ ‘INny

~T5J ueax? ‘UCTIVASD wrwrpxwm $0N
*xey |2 Jo 1u@Tu aq3 WO wATIW
2/T=T 30 sSwOT3TPwOD A3TTTATSTA
Jood ATAT3VTEI Jepun UOTIWIDEX
10aITPUT #v 3e8awy JUNSTP STTE-G°H
® yoeex uwo (aous Fupaorq JUBTT
snpd 3eTm AuPFTT swos Jo svussaxd

eq3 UT gEnoqaTe) seTmm ST-OT i) mdep Teorado p;ywm ‘SPUTA #0%ZINS J0WN-CT
3o WBTU LITTTQISTA podd ‘*o°y A-ﬁw- ¢frearaoedsex ‘zT *SoTTH 2/T-T J0 LITTIQISTA 8Xq 00€0
‘e G2 U0 WOTIWEPRI T¥303 @3 JO ¥‘0q PYENTINY “eO%LING JeaU = 0000
$05 1sowTe 3wy Aqjroasou T 31 ‘@ ‘2 ‘g = . (1) 2,8€- 1% BoJ 907 punoxy 29 I L2
‘Md OT-8 ‘T %2 wo T#I0}
Jo %£€ anoqe o3 Twnbe saTm G°4
2% WOTIRTpPRI TW0l ‘CATaarisadsex
‘STRAINUT wnaTE 4/T-% puw §/7-2 ~
Jaso afeuiaavw L1909 UT TV103 WOIJ u
‘SI93TTJ P puw Usex? ‘uoraw
~TASD WTWITXWH 0. 3NOqQY *93IMOs *€€°0=
¥ v Ardsatp Purjupod Jeataded o
03 YITA 9303 oM JO $4qT "ea 199x1d
UOTIVIPRI 308ITPUT Y3 ‘PRSUISAC (too7333x) asaxpvur | (€)
ATTeot339A Bupjurod JSATIOAI WITA -
*waxw LesIar AsH TwooT 03 paxwd ‘4T°0 =
-woo ¥y uy eswexcur ¢£€ w 3noqy I
: __I930L
ﬂw._.. H_ o —W_aﬁh_ [(ommen) Asesroet | (@) - spua
L Bl lag xeT 30 9ovzms INF ‘30WX-LT
ikl 1oq] 03 MIUST () madep TwoTado parm T . Jaor O 25t
-3ARA BUTSUIONT TITA DIFEAIIND 7485 (LTeATadadsax ‘C6°0 SITP ST-0T Jo £37TIQ 89 00£0
1OITd - -ISTA pPalwwiys?d fmous Suy - 00TO
Toextpur M43 O oFIwI eml  ‘0°T ‘42 ‘41 = UD€ My (1) -nora BT MIA ISTW IBTT 29 Tw G2

SIUAMD0) JIIING

¥'0'g
E-E:wg.g

*0'6 3o

saTnsey SUOTITPUO) J9U36aM TUdoUeD OMT] PuUe 93%Q



*Wd T-£ pue

Tr-§ "9 T ¥ an[q T9303 I0J
Joz TUe ‘ueaad Te303 J0J %£f ‘paax
T®303 J0J $Qf JO UOTIVFAID WURITYEH
*qifusTasua Jo juspuadapur pax

puv ‘usax?® ‘enTq W3 Ul FaOUR3ITH
-SURI] 32ITPUT pU® Tejol ‘SaTw
G*#f PUR T UeaAjlaq UWOTIEFPEI Te303
J03J SaTTW G°#f 3% $0O0f Iana0 JO
umwxem ¥ furgoeex 329338 jomp,,
J0 VUINAId *EIOUELETPp .HD.FE
JIA0 HI JeaUu I3 IO $309]]9
uotydiosqe 03 32AITPUT I} JO
0T8I INwaXd a3 03 PANNQTIIIE aq
ueo 309339 stul “HIg weqy Javaxd
Yon anoqe oF WI + 97 ‘eTmm T

3% gealaqa ‘NI + g ey Jejvead
Yoy Inoqe st HIg ‘sarrm Gy W

*Wd TT-S °TRAINUT 3nuTm
-n/€ ¥ I9A0 3ISIFPUT PUe TWI0%
I0J $f 3NOQ® JO UOTIVTAIP AN
ompxe °juesaxd 9q 03 paoadxd
aIe suofzwnjionyt prdex ‘Iasanoy
faTrm G*0 3% 93103 aq3 Jo uoyjxod
STQTPTT99u ¥ ST UOT3ISTDBI 3dAITd

*T°T = y3dap Teot3do
£66°0 = T® O°T/MI+dy (g)

‘I°T = ©¥dep TwoTado

*g2°T = yadap TeoTado

ngoo - PH mo:\ﬁﬂ AWV

*g2°T = mdep Tworado

fo°T = T S*4/9g (¢)

*TL°T = yadaop d-o«vmm )
4

6T = T G4

*0g°T = wadsp Teor3do

tez = W STn/dyg (c)

*wh°0 = qadap TedT3do

‘090°0 = ™ o.Qb.m (2)

*20°0 = w3dap TeoT3do

1900 = ™ S0/ iy (1)
*T°2 qadap Tworado
fon = T S70/diy (z)

*#g°0 wdep Tworado

*SPUTA IdvZIns IS

‘qomy QOT-g °IUSTPRXB D €+

03 0,2°0- °ATJSTIq SITTW

05 T INVIAB Bupwoosq

‘saTTm OT 03 £ uPaAjaq
Fuplrea L£3TTTQESTA fpotaad 8Iq S#S0
Jo pu’ spreacy OT/g-9 - GHTO
Surmodaq 8o punox® or/f-2 29 320 62

*SPUTA 3dBlIMS J§ ‘jouy
£T-0T °£LITTIQATSTA PR sIq S0£0
-7389 aTTU #/€ 03 2/T ‘Suy - GETO
=TF3 33 006-00€ WITA Bog 29 320 L2

S3USMN0) JI2INJ

synsey

SUOT3ITPUOD JGU3IUeN TUIoUeD WLl PUe 938q

18



*Wd T-8

"83TTW G'% 39 TRAISUT InuTm
2/1-2 ® Jan0 aPeraaw L37susyur
I03ITPUT Q3 wWOXJ ‘INTTJ MI $EE
JO UOTIVTASD wraXel °mous Bug
=TT®3 39BFT L19a smyd Boj uy Bupx
=-INJT0 FUOTIEIIVA 2pTA pue prderx
aq3 Jo ardwexs poo® ® 8T sTYL

G°tT = qadap Teopado
(srq 2fo) £ = ™™ SNy (6)

™ Gq/g
(sxq 00€0) 20aITPUT
466 = ™ $"/ireaop (g)

(sxq GG20) L m.:\:Huunnﬂqnﬁ
= T S Mlreog (L)

(21 gnzo) ™ ST/ 4 oarrpuy

%06 = T S/ direqoy, (g)

(s £420) oz = T S*H/dI+iy (q)
(sxq gfzo) ™™ S°%/¥I+¥y0axrpuy

$16 = T $*0/¥I+¥reqoy (v)

(sxa gre0) o2 = ™™ SN/ ¥I+ey (g

(sxq OTLO) 6T = S
(31 ¢6T0) OT = ™ STM/HI+Oy (3
*SPUTA 0BLIME S ‘qouy

G*¢T = wadap TedTado OT - 6 ‘3usTpRI® D, £°0-

(sxu SETO) 2 & *£3TTTATSTA PayswI)sa aTT™
T - 4/ *mous Bupyres

(sxq 62T0) 2T = Y™ S°n/dMg (1)  3uByT A1ea wata 03 OT/Q

*Gl°9 = gadsp —worado
t2-32 = ™ S /Uy (o)

*66°% = wadep Tworado
tqegr = T S*n/il+ay (6)

8Iq 62€0
- 6210
29 AoN 2

(p3u0o)
8Iq S/S0
= SHT0

29 190 62

19

S3USUMO0) Jaqlang

s3Tnsay SUOTITPUO) ISYIBIMY TRISUSD WL PUe 338(q



*Wd T-§ “SsaTm Gy

1% TRAINUT nupw 4/f-4 ® Jaa0
£3ysuanuy 19303 ¥q3 worJ A3TTTQTSTA
SaTT® O PU® Juafpex? ), G ET+ 3%®
$0GE+ JO UOTIvTASp wrwrpxey -jujod
ITPU-G 4 3q3 39897 3% [raUn o8

Op 03 SINWTIUCD PU® TP T INOQe
3% 19303 3q3 Ueqjl ¥ajer prdex axom
® 19 IFVAIIND 03 supBaq L3ysuajuy
JOITPUT ] “TSAST Jaa03 3J

=0CT a3 3® 32Jnos JYBTT 3 anoqe
8o punoxd aql JO UOTIRIOTINI
3q3 £q paurerdxa aq 38aq sdeg

-Jad wed STYl ‘IpniTufEm JOo IIPIO
suo 3noqw Aq awy3 39qy Ut Ayprdex
paddoxp H 38 ‘aTTW G°0 3% TeA
1330 ANMUE-GZ ¥ Fupanp ATIWPTTS
pafuego 0 -sjurod ITTW-G°0

Q3 3% ATTOT3ITUT pUe 3TTW-L T°0
Jq3 39 sanTRA H WHTY ATSATIOTSX

u} pa3Tnear FoJ punoxd paxdneds

*Wd T-§ °TEAINUL anupu-g
¥ Jaa0 ¥dwiaaw [37suanul T#IS2
aq3 woxl ‘AN ‘§22 JO UOTIETAID
WTEEXEW °*Y2I3p PNOTOD AOT ¥ puw

Foj punox® amos Jo =2duasaxd aqay

0 anp Ar8urweas ‘adarus o} woxy

¥ 2/T uTHITA IanEaa® Jo £ JO

q3dasp Teordo uw JOJ sSanTeA H Iq3

UIBAAJ3Iq FOUIISIJTP ITIITT ST aJI9L

2t°0 = 3dsep Te®oOTIdO
€0 = T S /Iy (4)

G*T = wadsp TedT3do

6o = T/&Ng (v)

LL°0 = y3dap TedT3dO
(x93%T uTw OT) #0°0
19°0 = q3dsp Ted13do
(x93eT uym QOT) €2°0
08°0 = 3dap Teorado

gE-0 = ¥Z 5°0/diy ()
T2°0 = mdap TedT3do
2n°o = ™ M.HoO\h; A.ﬂv

2°f = qadap Twor3do
(sxa S£T1O

- 2T0) 20°T = V™ $°0/dy ()

€1°T = madap TeoTadO
(sxq 2200

- ¢T00) g6°0 = T= 270/ ()

* SpUTA

aoejINE JST oy w - :
*JUITPRIB D, G °ET+ 03 2T+
*830UM ST STTW-G°4 pUe -T
¥} USAAIq SITIH 06 < 03
Suraoxdwy juped STIW-2/T
3% L1TTTAQTSTA STTU-OAL
*SpIeAlalJe JIEaTY Bupwodaq
Puw ‘gjusmaansean ITTW-T
o3 dn 39 Jo Bupuuplaq
3% spnoTd uByy ‘urul OT/0T
T3TA BoJ punol® p3xRyB8OS

*SPUTA 30WiIms F5 jouy

€T - OT “3juatpet® J,2°f+
{L3TTTOTSTA 3T 2/T "33
O0ST 3Noqe 3® SPNOTD OT/6
03 OT/g W ¥s “Soj punoxd
palan1eoe Buplrea Lypidex
U} paaxasqo Ays OT/0T

N
283

sxq S£TO
- ST00
29 AON L

SIUoNmI0) Jaq3Ing

s3Tnsay

SUOT}TPUOD JIUIUeM TBISUaD WL pue a38q

120



sfuleaw L37eURjUl 308ITPUT U3
wox3 ‘AN ‘§02 JO UOTIVIAID WTmIXWN
*S9TTE | puUw T USAA3®q RITDD0
WI93J9 0P, ¥V *sdamos JUBTY

aq3 Jo L3TUTOTA Q) U SUOTIVIIRA

sapyeeu T ~ $°0p *SPUTA 90wIMS NSY 30UWX-G

1060 = V= O°T/&g (y) <quepes® 5 4°0- 03 0,°0F

60/ *£3TTTQESTA Pa3TwETUN

nl°0 = G2 fg9°T = Mg () o3 orm G/f +a0v0d oryw
=g*) sy3 puw Yaaol Amaue)

uored So3 prdwr ATSATvTeI sy Jo  4°2 = A O fory = TW S°O/dMy (2) dwe) usanyaq Feyed 8Iq gHso
1IMeal & g8 O pue § up A3TTIQVIIRA . 8oz pexeyjwor Buplrea - gTT0
3DTA 9q3 3O eydmwxs we sy syul 9LO° = A O f0g°0 = V™ £1°0/dMy (1) ‘3sworeac perwmryse 33-000C 29 aof €T

*Md TT-8 “@agqoyed Poj

Buy1JTIP UT pIppeqwe aaamos 10FTT
*fene aTTW #/f 3noqe paaresqo

SOA UINTJ JUFTT 208ITPUT oYl

‘Wd T-8 ‘“TeAISUT Synupm
f/1~2 ® Jea0 afwiaaw Lypsusnuy
T®303 &3 WOXJ JN $65 Jo wopyw

-TASD WImTYXE) “‘SITTH 2 3N0qE 03
dn RIMo20 ,30a3J9 oM, ¥V *saTw
#/T-2 Inoqe puokaq SDUMSTP 3w
WG THETRI] JOSITPUT 9O} EFPaadxa
DU TWSTR.I} TVI07 U3 IV

08 T¥303 U3 UV} S0UWISTP UITA
ATpydex axom sdoxp A37PuUsiut 3983
~FPUT 3x] “UOT3IVIIRA BulTTao Fog
Q3 03 ‘aaed up ‘enp eq osT® PTNOD
SUOTAVIIRA H oyl *sTeiTvue 891%0
=1Tdm0o0 YOTUA ‘TAAST Jam0y 3J-00T
¥q3 1% I2IN08 UBTT puw punocad aq3y
usanjeq BoJ pazelyeos JOo Jonesaxd
9q3 3WOTPUT O3 Weas pTNOA

H pue © Jo suoT3vlIRA afxey 4L

*SPUTA S0WIINS F9T j0uUY
9 = § *sagoyed Boj Taaet
-A0T fepnoTd Uity ‘urm

fot/ot (0,L£- 03 £F-) Poz 81U COE0 |
‘UOTIMS STTM-G*y POX[J ™3 93T UL AITTFAISTA pajwm - 0020
4% PRAISSqO USWTJ Jou TwuBys oj -7389 ‘20WlIn0 STTE-3ATJ 29 Aol TT
1|
d

wS*0o=qaqPo
f9€-0 = T® S°/diy (v)

T'T=as
¢GeT = V™ O°T/dg (¢) *spuTA sowzms § j0uy § = €
*JueTPRXP J,9°T- 03 #°T-
420° = @ © .-n.ﬂlomﬂmlﬂug
. TITQTSTA °TRA9T Jan03
f20°T = T $°0/dy (3 23-002 943 JO AITUTITA o

¢ T Ul sayo3wd paxajjvos puw 819 0020
@om 3 a BUTTI®d 33-00L ® InOq® WITA = 0000
t2n-0 = ™™ £T°0/dNy (1) S0o3 OT/0T Aq paanosqo Axg 29 Aol 6

FIUSEm0) Jouyang

s3Tnsay SUOCT1TPUO) JSU3EaM [BlsUsD SWTJ PU® 93]



*Wd TT-S pu® Y-8

*SUOTIUTAID I33%018 01 ISTI Al
SITITTTQTITA pasoxdwy - mqafuat
=2ABA 0} NP SIPNYIUFEE TOTIETASD
Jo IBuwyd § JUWOTITURTS ON - SUOTL
-Fpuod A3TTTATSTA JUITTaOXe Jepun
SaTIW G°f 39 ‘TRAINUT RreE-) w
I3A0 ‘I93TTS MI ‘afwasaw L3jsussur
T¥303 WOIJ TOTIVTASD WTW|Xwm

A3TTTQTSTA Burrreasxd uaga TeAIuT

o1 = T SN/8g (g),
9g°0 = ™ mo#\zm APV*
o't = ™ S*/8y (g)

20°T = T S*n/dMy ()
M.Q.H = e S n/aNg ()

ATAEPHu
(S€°0 = ™ O..ﬂ\hzm (€)

$59T °99amos uBTT Jo AITUISTA TGO = A O fo°g = ™ Gon/at, @)

uy Boj Jo aomesaxd Lq poyp.tad

TSFATUT BUTINp PaRwofTamod $TSATRUY 60°0 = @ © 166°0 = @ $°0/dy (1)

*83TIW G°+ 3% TBAINUY

AnuTw-T ? I8A0 ‘uorPa3x Tex1dads 9
‘dBexaAs L3F¥uajuyl Te303 WOXJ

3.1 pue STIW T 3¥ TSAINUT 2/T-2
¥ JIA0 IBBVIIAR AQTSUIUT JOAIFpUS
pue Te30% 33 WoxJ ‘AN ‘$CT Inoqe
JO UOTIWLAID "rmmiXwy *jutod aTyw
-G°f 9q3} 3% parwadde pey 3FEIIIA0
AOT ® DPUB BUTIBIOTINIP SEA LITTTq
~18TA TTRISAD Q3 ITTUA PALITOIC
‘AN ‘A3TSUNUT 1703 %09 ¥

3oyl Aqirosndjou ArreTnorired 7 31
anq ‘sysATeus 83380 Tdmod sagayed
$o3 paaanaecs jo aouasaxd Iy

‘Rd TT-S °s7sATeus pazed
-37dmod Ioanos IYITT Jvau saydjed

‘sutod aTPW-G° 4 2%
31833 JO PUS SPIBAO] ISVIAIOUT
‘dN ‘A37Sudjur Tel03 %09 (%)

§9°0 = @ O £LO°T = 0°T/dNy (€)

IT°T=q®o mgoo = WQO\.E.W ANV
cho=ao

‘Wd TI-S

*SPUTA 90BJINS FEF - T
‘sjouy 9 03 oa] °JuITPRID
Do €+ 03 0,6°0+ ‘PRATHTT

-um 03 SITIW £ INoqe woxJ
Suplres LITTTQFSTA °Boz
punoIf SuTAreA pIIIEOS
qITA 3 0002 3noqe 318 883U
=FPNOT2 318BOJIIA0 03 uUaINod

*SPUFA 29uzIms FB
8300y 6 03 # °*3UITPRIB
D,5°E+ 03 D,9°T+ *PBog

NVT uF J,02- “*L3TTTQATSTA
PaIeNTI89 SITTW 4 03 2/T-T

*qutod ITPw-S 4 aqy 39 38

JO PuUa spIsaoy JoJ 80T puw
803 TaAST-AOT OT/2-T WITA
33 COGS INoqe 3% enTramd
-01e138 OT/6-g Furmodaq
(sn3ex3sorayd OT/L-f) sesu
~TPnoTo YBTy STqETIeA awos

PU® 37 002 Inoqe 3% sagojed

PoJy pazajywos MIA 33

= q 0 f61°0 = ™ £1°0/Dy (1) 0002 IM0q® 38 ApnoTs ATareg

804 °TEAISIUF MNUW 2/T-2 ® IWA0 29°T = @ O fgezT = W™ $°n/dp (¢)

*QUITTIOXD SBA
NMUTW-CH B FUTIND IV«

- LyT0
29 AON ST

122

sxy LSlo
- 66fo
25 AON T

(pauod)
29 AON €T

SIUFMIO] XIQIING

synesy

SUOTITPUO) JI3YIBIM TBRISUID W] pue anwq



Atsmaxyxs ue Jo atdurexs lagjous
8T STUL °“JOON < “°9°TF ‘109339

«odAq qonp, ® £31BITPUT BVAIE
SI0Yys TEBOOT °[ °N UT 39Qq3 WITa
¢3uo 3noqs jJo syzdap Teopado 3w
9saed sy uy ‘dNy jo uosyxedmo)

"Wd T-S “EITITTFATSTA IUBTY I0J
juaredde aJgeA SUOTIUIIBA JIajward

faTTW T 19 TeAI#qUT snagw #/f -4
® Jaa0 ‘g ‘afeisaw L3jsuajul

19103 WOIJ UOTIUTASP ENEIfXwm
$£2 °T JO opagTw IDeVJINS ® pue
‘AITTTATSTA AOT ‘SEUTPNOTY AOT

JO _93933J9 PIUTqEOd I3 03 INp ST
S n/dig JO anTeA WP ATswea3xa

L “*aamos ITT Jo LITUIOTA
ut sagoyed Fog paxanyeos Jo
souasaxd £q payworTdmos syslreuy

- spuTA uuﬂ.m:n 48 J0uy-4T
> =D ‘e Y= O0°T 2T "SITIW 2/T-T _Jo £31TIq
t2=d 8°'g = / g Aguﬂnﬁh pajwmgasy *Poj punoxd

2T = Q0 fn€ = TWS0/y (2) OT/Z PUe 33 0002 INOqQe 6520
. 1% SSIUTPNOT2 AOT OT/9 - 00TO
T€°0 = @ OfEno0 = T8 ET°0/dy (¢ anoqe £q pammosqo ANg 29 AON LT

*S3TTW €°0T Pue® 9°)
7% UOTI®TPRX 3.03xTPuT $00T (S)

(38823340) €9 = g O
oST = = mo:\.mzm A:v

A8 uagoIq sAjjEEau O *SpuTA
3 S09Jans I ‘sjouy QT O3 @

660 = T O°T/dy (¢) +pesrupTun o3 serpm 2/T-1
3noqe woxg Suplrea £31TIq

T"T=q?® ~ISTA ‘seqojed Boj punos®

t>arn w T G0 ‘IPAST-AOT PaIa33E28
29°0 il Hﬂ—uu (2) 32 OCST 3° 19%82IeA0 03 8Iq 6250
uayolq Furmooaq ‘saq 05TO - 210

‘ono = T £T°0/dMg (1) 3noqe Traum Apnore Arared 29 AoN 9T
Rd T-S °3USTToXe sea

£3TTTIQISTA BUupTTeAadd Usga TRAINRUT MNNUTW-99 ® BUTIND UINBLs

LLeo = T S*n dy (y1),
09°0 = P S"W/iy (cqy,

0g'0 = T S*H/¥I*+¥y (21).

Znt0 = T S*N/E+Dy (1,

1670 = T ATy (or) (oaa0s)
£gro = W S /Dy (), 29 AON 6T

8UMN0) J9y3ang

83 TNy SUOT3ITPUOD JIUIECIN [BI9U’D W] pUe 339]

123



‘Wd T-§ °89TTW G°f _
39 TAINUT nufw #/¢- © I3A0
‘AN ‘3BelsA® T30} JO UOTIBTAID
wrmyxew §QT  °#ITTW $T
03 2/T ULIA33q PITIBA SITAITTIQ
-78TA 3Y3 UBnouiTe IO Yded JO
$0T UTUITA 3I9A PaTrRadxd spnord
AOT J0 mous BuproTq pus B0 ax3ym
8388 § J0J STTW £1°0 3© 8IT3
-FSuUUT TE303 Y3 JO SuostIedwod
I%y3 30u 03 BuUrisaxIuT ST 3l

‘Wd T-S °*(PSATOAUT 0UeISTP
Atuo 3q3) STTmW £T7°0 39 TeAIANUY
MUTE #/€- ® IBA0 ‘4N ‘aPeiaaw
T®303 JO UOTI®TASpP mmwrxem §0T

‘Wd T-S °*S3TT® G°4 3% TeRAINUY
nnurm #/7-6 ® I3a0 ‘INTTI

¥4I ‘3BwIaAw® Te303 JO UOTIUTAID
wrwixem $4T T JO OpIqTe® DVZIns
v puw ‘A3ITIQTSTA AOT ‘SPNOTO AOT

SIQUBLSTP IATo3dsax IToul
78 ITQBUSTNBUTISTPUT AI3A
SaTTW G°H puU® £1°0 3% €913
FSUSIUT 303ATPUT pue Tejol (%)

(£31TrQTSTA/E = © BuTumsse)

G'€T = a O fo9 = ™ 4 n/dNg (g)
TW €T°0

. LT _AoN/JN choag

86°0 = [F37AON/aN Te30L

Ta £T°0
o0 [ ety

*EpUTA I0BLINS INI ‘sj0uy QT
*juetpexd D 2'2+ *aTtm T JO

(@) A3TTTQTI9FA PupTieaaxd peajem
-1383 “*aous FUTAOTqQ pPUE
13 00ST 3% spnoTd OT/4 ‘Poz
0T/9 anoqe Uy paxndsqo AYg

*SpPUTA 30%vJaNs ISS SI0W
9T - 6T ‘-3uaypead J,0°T+
‘T 2/T Jo A3TTTATSTA
PoywTy8E “mous BupaoTq
q3ta 8oz otr/OT 93 OT1/6

glL°0 = yadsp TwoT3dO
porempyse fre-r = W £T°0/4Ny
0°6=q0>o
fozT = T® S°n/By (9)
MQN = g p&z D

JO 8199339 HUTUTqEOD aq3 03 AP m.m.l a dNo
W G /Ny <. 3 ‘g Jo anTeA WBIY ‘(Toy= O 1/d1+0g (n)
S3UsEmI0) JaqIINg s nsay SUOT3TPUO) JIBIM [EIauad)

say 2foc

- 0G6T
29 AON €2 wm

8XY 0512

- M2
c9 Ao0H TS

(p3uod)

29 AON LT
Swil pue 3leq



(»am 65€0-L0£0) __E_Hu 0°I_T®3I0L
S00°0 = |I® G*4 ._..-ao.L (L)

*Hd T-8 °OTTE T 1% TwAIaUL

uTE §T ¥ J9A0 uoTBaAx YI g3 I03
afuIsA® T9109 JO UOTIVTASD uMmTXem
$0f °TRAIQUT IINUTW-Of ® 3NOQE
Fupanp wop3vIUIBOD BoF 0T W3
up dogp ¥ Pa3wOTOUT TM T 3® Jm/T°€
= 0150 03 tm o0 7® TM/G'G =
™ 6*0~£T°0Op jo afueqys ® ‘Ians
-a0g fmaous BuUpaoTq JO 3@88uU0C Ig3 03
Jotad parImodo A9q) IDULE STQEITAI
axom axw (£) uBnoaqy (1) s3Tnsay
*sreiTeuw pawoITdmOD adInOs

WETT a3 Jo Lf3TUToTA eq3 Uy Pog
297 palan}wos amos Jo adussaxd eql

‘Wd T-S °seTmwm

Gy 39 TEAIIUT NUTH-) ¥ I3A0
uorBax NI+Y Y3 JI0J IFVIIAR Tv103
JO UOTIPTAGD wrwrpxem §2f - 3Buwyd
IIIVIA JUBOTITUPTS ou JO pofrad ®
Surap sjuamaInseIw YiliuarToAva U
=I8JJIP Y3} WOIJ PIFTRINS I0Ue} 3 TH
-SURI} SA [iPusTesama jJo aduspuad
-3pul ‘poraad SIq3 Fupamp aTwm
2/T 3o ATTTQTSTA PRIWwELs2 amy
03 A1esoT> pepucdsalriod ‘Iaaanog
‘onTeA O PANPTNIT™ Ul *3J 00T
PUe dviIns I3 Usanlaq padoTessp
o3 au3 aTTua potad @ nuTE-(O2

® _jnoqe Sutanp paurelqo ¥eA g°g

= 1-6°0/dNp *gpsfTeue pajespTdmoo
SuotT3ypuod 803 BupBueqs Arpydey

NTUTIUT 4~ f83q 6TEO~ 4TEO

I one 0
TE=qo 94T = o' T (€)

sxyq ¢E€0 - OffO
spupuy ™ 1/4g (g)

a1y g2£0-02£0 ‘T°n = P T/¥Ig (g)

*8Iq 00£Q I93J% ISS ‘ejouy
6T Buymodsq SPUTA 8093

sxy ceto- Ltto

-Ims Jg ‘qouy ZT-TT “aam
-uradmey aowzims Jweu ), f€-
03 J,l2- “jueppexd J,5°0
03} J,0°2+ ‘BIq QOED 9w
IYq 6220 - £220 aous SUTAOTE °"9TIW T 03

L'z =qpo f0'¢ = T S°0/dMy (2) 2/t 30 ATTIATETA. *33 002
1%8eT 3% 03 dn Fuppuagxe

(soq £T20-6020) L'0o=a® 803 207 punox? paIe3wos
‘990 = T® £T°0/dy (7) Kq paamosqo Ariared Ayg

g-LE = T® T/HI+Dy (4)

29797 sInUTM 1IN0 *8Iq 0OEO I3J®
L€ «— qr-T = ™ T/dliy (9) g58 ‘sjouy 6T Purmodeq
™ T/u1 SpUTA 2092ans IS j0uUN ZT-TT
0o°g = H (S) csumyersdmey souzims Jesu

g€ = T® T/UI+Dg (4)

D,tt= 03 D, l2- ~yuaTpRIB

Jel°T+ 03 D,E°T+ “oTIm

g9 = a0 frzn = W T/dN (¢ T 03 2/T 30 A3TTIQTSTA
i . payewgysy “aAous SBUTTTeS

#'€ = Q0 I3V SN Py LreA  *SIY OEHO I93JE
68°2 «— LL°T = T® §°6/dNg (2) ot/ weqy seat uagy pue Joz

. unﬁuuoﬂ}ﬂmwﬁsooop
m:.o-ﬁnmao\mzmﬁvmﬂﬂxﬂhpaﬂﬁﬂoim

sIy G€€0
= %220
c9 Aol g2

125

sxq QTS0
- 6020
29 AON G2

$7USUMO) I3 INJ

83 Tnsay

SUOTITPUOC I3U3BaM T8JaUaD WL PUe 338(]



*Wd T-S

*SaTTW §°# 1% TRAIaUT aynurm-52
¥ JIJA0 UOTHaI Y] a3yl J0J aFwIaAe
79301 JO UOTIVTAID mmmpxem $GT
*gaAIND L1TSuUaqUT TE103 PIIBIJUT
]} PUB UIIF pue paJeIJUl A3

Jo weiTaTrered Iy wolj FupiInsax
20U} fusuel) 19103 I0J paisad
-3ng #] a0uapuadapuy yYIFUITIARA

Vv +BoJ @07 ur sTeskio I0F Jo
ousutwopaxd Iyl JO IATIEVITPUT 23q
Aem ‘paBueyoum ﬂuﬁ.ﬂﬂ&ﬂ hu_n..u. uIagm
TeAlaqul ue Supanp \rﬂ+u= ey
1918 02 jnoqe Fupaq ‘T/¥Ig

S3UMMO) JIaYIng

719°0 = ™ H\&Hﬁ (%)

€6+0 = & T/HI+Dy (4)
9°T=4a>®
‘€90 = F¥ O°T/dNg
h1=qaqo

thGe0 = T O°T/dNg (g)
2'T=a0°

‘lyro = TW G0/ dNg (2)
of*0o=qano

{65 0-TE°0 = W £T°0/dNg ()

126

*§pUTA 228JIns § Furwoosq
SPUTA FNF 30w OT - @
*3081INS Jeau aunjeladmen
D,9%= 03 D,6f~- *3juatpwad
06°2= 03 D,0°9- ‘"S3TTw 2
03 T JO A3TTTQTSTA *3@9]

o022 1noqw 04 dn Surpuaixs s8Iy 6260
803 207 punoxd paaal11w0s - OHhTO
£q paanosqo ATqred Lys 29 AoN Of

s3Tnsay

SUOT3TPUO) JI3Y3BaM TBIUSD 3wl pue 3n8Q



TRANSMITTANCE (Ty)

TOTAL

, R2
T. (R}: $
RA2
! 5\ To = IS NOV.
\: "
i
i 29 OCT.
o 13 NOV.
3
NOV. 16 NOV.
30
NOV.
17 NOV. 9 NOV.
14 NOV.
26 NOV. 25 NOV. 8 30 NOV.
1 1 1 i 1 | |
| 2 3 4q 5 6 7
DISTANCE (MILES)
FIG. 61 GREENLAND TRANSMITTANCE CURVES

15



BLANK PAGE



UL.CL. 5> 10w

Security Classification

DOCUMENT CONTROL DATA - R&D

(Security classilication of title hody of abstract and indexing annotation must he entered when the averenll teport s Lisstfied)
1 ORIGINATING ACTIVITY (Cormporate authot) T24 RCPORT SECLRITY CLASSIFICATION
Ue 3. armyy Zlectronics Courand o
Fort onmoulh, li. J. 2b cRoup

) NEPORT TITLE

VUOSHUIERIC ATTENUATION OF LIGHT RADIATION FROiT o POIIVD SOURCE IN Al
~&CTIC EIVIROIUMENT

&4 DESCRIPTIVE NOTES (Tvpe of report and inclusive dates)

‘echnical Report

S AUTHOR(S) (Last name first naume nittial)
Cauntor, Israel
beiriw, ., umdrew

6 REPORT DATE . T7a TOTAL NO OF PAGFS T7b NO OF REFS
Ociober 1ok 1 3
.
Ba CONTRACT OR GRANT NO 1948 ORIGINATOR'S R“PORT NUMBER(S)
b prosEcT No  TVO-14501-B-53A ECOM=-2453
»
c TCISK No. -lj | 9L ‘C’)""’:;:J:JPORT NO(S) (Anv other numbers that may be assigned
|

d

10 AVAILABILITY LIMITATION NOTICES
Qualified requesters may ottein copies of this report from DDC.
This report has heen released to CFSTI.

11 SUPPLEMENTARY NOTES I‘Z SPONSORING MILITARY ACTIVITY

{UeS . army Electronics Labs., AMSEL-RD=-SM
U.S.Army Electronics Command
iF'ort Monmoutn, N. J. 07703

o

'3 ABSTRACT Twenty-two nighttime measurements were made of the atmospheric effects

on lisht attenuation from a point source during the spring and fall of 1302 at a
site on the Greenland icecap (Cump Century), locatea at 77°10'N and 0l°08'W at
an elevation oi' LBOO feet ubove sea level.

. The Arctic environment provided an ideal surface albedo of almost unity,
while the additional presence of clouds provided "duct erfect," or energy-
trapping, situations. Graphs are incluaed to show the totul and indirect inter.-
sity fluctuations over l1lZ-second intervals under various atmospheric conditions.
Some comparison is also imde of the ratio of indirect/direct intensity vs optical
depth under some Arctic ai:d New Jersey shore atmospheric conditions.

This is a DAS.-sponsored project, under DiSA NWER thermal subtasik
12.017, Thermal .tmospheric Scattering Studies.

DD 7%, 1473 1) UNCLASSIFIED

Securit;: Classification



UNCLASSIFIED

Secunity dassitication

KEv wORDS

Light attenuation
Atmosphere
Radiation transfer
Scattered light
Direct light
Indirect light
Point source

Light extinction
Snow surface
Arctic weather

LINK B LINK

ROLE ' wr HOLE l

INSTRUCTIONS

1. ORIGINATING ACTIVITY: Enter the name and address
of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) 1ssuing
the report.

2a. REPORT SECURTY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Re ‘tricted Data’’ 1s included. Marking 18 to be 1n accord-
ance with appropriate security regulations,

2h. GROUP: Automatic downgrading 1s specified in DoD Di-
rective 5200. 10 and Armed Forces Industrial Munual. Enter
the group number. Also, when applicable, show that vptional
markings have been used for Group 3 and Group 4 as author-
1zed.

3. REPORT TITLE: Enter the complete report title 1n all
capital letters. Titles 1n all cases should be unclassified.
If a meaningful title cannot be selected without classifica-
tion, show title classification in all capitals in parenthes:s
immediately following the title,

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
teport, e.g., 1nternim, progress, summary annual, or final,
Give the inclusive dates when a specific reporting period 1s
covered.

S. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle 1nit1al,
If military, show rank and branch of service. The name of

the principal author 1s an absolute minimum requirement.

6. REPORT DATE: Enter the date of the report as day,
month, year, or month, year. If more than one date appears
on the report, use date of pubiication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, :.e,, enter the
number of pages containing information

7b. NUMBER OF REFERENCES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written,

8b, 8, & 8d. PRO)JECT NUMBER: En‘er the appropriate
miilitary department i1dentification, such as project number,
subproject number, system numbers, task number, etc.

Ya. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
c1a!l report number by which the document will be 1dentified
and controlled by the originating activity. This number must
be unique to this report.

95. OTHER REPORT NUMBER(S): If the report has been

assigned any other report numbers (either by the originator
or by the sponsor), also enter this number(s).

10. AVAILABILITY/LIMITATION NOTICES: Enter ani
itations on further dissemunation of the report, other tha
imposed by security classification, using stendard state
such as:

(1) *‘‘Qualified requesiers may obtain copies of this
report from DDC."’

(2) ‘*Foreign announcement and dissemination of t
report by DDC 1s not authorized.’’

(3) ‘“‘U. S. Government agencies may obtain copies
this report directly from DDC. Other qualified

. users shall request through

(4) ‘'U. S. military agencies may obtain copies of
report directly from DDC. Other qualified user
shall request through

(5) “'All distribution of this report 1s controlled. (

ified DDC users shall request through

If the report has been furnished to the Office of Te«
Services, Department of Commerce, for sale to the publ
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional e
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the n
the departmental project office or laboratory sponsoring
1ng for) the research and development. Include addres:

13. ABSTRACT: Enter an abstract giving a brief and fa
summary of the document indicative of the report, even
1t mav aleo appear elsewhere 1n the body of the technic
port. If additional space s required. a continuation sh
shall be attached.

It 1s highly desirable that the abstract of classifiec
perts be unclassified. Fach parapgraph of the abstract
end with an indication of the military secunity cli.sific
of the information 1n the paragraph, represented as (TS
(C), or(U,.

There is no limitation on the length of the abstract.
ever, the suggested lenpth as from 150 1o 225 words,

14. KEY WORDS: Key words are technically meamngf:
or short phrases that characterize a report and may be
index entries tor cataloging the report. Kev words mue

selected so that no security Classification s required.
frers, such as equipment model designation, trade nan
tary project code name, poeopraphie location, may he ue

key words bt vill be followed by an indication of tect
‘ontext. The assignment of hinks, rules, and werghts
ptional.

(<)
ESC-FM 1802-65

UNCLASSIFIED

" " Secunty Classification



any lime
han those
atements

his
{f this

ies of

ed DDC

e ¢

of this
sers

"
.
SRS

. Qual-

"
.
g

Technical
ublic, 1ndi-

explana-

» name of
ing (pay-
ess.
factual
en though
nical re-
sheet

1ed re-

ct shall
ification
TS) ()

ct. How-

wiul terms
he used as
nust be
ed. lden-
arte ol

u\t'd ds
echnie al
ts s

e —

-

BLANK PAGE



